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(57) An artificial spinal disc (10) for surgical place- 
ment between adjacent vertebrae including a first com- 
ponent (20) for attaching to a first vertebrae, the first 
component (20) having a concave recess (28), with the 
concave contoured surface having a circumference of 
360°. A second component (30) for attaching to a sec- 
ond vertebrae, the second component (30) including a 
projection (38) with a convex surface, the convex con- 
toured surface having a circumference of 360°. The cor- 
responding contoured surfaces are shaped to allow an 
unrestricted rotational and a flexion/extension bending 
motion between the first (20) and second (30) compo- 
nents relative to a patient's normal spinal axis when in 
a standing position with the spine in a straightened po- 
sition. 
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Description 

The present invention relates to an artificial interver- 
tebral disc, and more particularly to a low wean hard 
chromiunn-containing metal ball and socket bearing sys- 
tem allowing unrestricted motion for use in the replace- 
ment of spinal disc segments. 

There have been numerous types of implants de- 
signed to replace damaged spinal disc segments of the 
human body in which an artificial intervertebral disc is 
used to replace a deformed, injured or diseased natural 
intervertebral disc. Such an artificial intervertebral disc 
is generally composed of a rigid solid body that causes 
the vertebrae adjacent to the implanted artificial disc to 
be limited in its ability to move relative to each other. 
Some of these solid body artificial intervertebral discs 
are disclosed in U.S. patents 4,349,921 ; 4,553,273; and 
4,714,469. Other artificial discs are provided with a 
spring which permits the vertebrae adjacent to the im- 
planted artificial disc to have a limited amount of motion 
in limited directions. These are described in U.S. patents 
4,309,777 and 4,759,769. 

It has also been proposed that soft compliant poly- 
mers be used to assure separation of damaged disc 
segments or as bearing surfaces. However, polymers 
can degrade with time in the human body and also be 
susceptible to abrasion damage by the bone surface. 
Further, polymeric disc replacements are susceptible to 
creep and gradual changes in dimensional characteris- 
tics. But polymers are favored due to their low stiffness 
and relative improvement in shock absorbing character- 
istics. Artificial intervertebral discs having a main body 
formed of an elastic polymer are disclosed in U.S. pat- 
ents 3,867,729; 4,863,477 and 4,911,71. U.S. patent 
5,071 ,437 discloses an artificial intervertebral disc com- 
posed of an elastomeric core sandwiched between two 
metal plates. This disc is further provided with a plurality 
of spikes for stabilizing the vertebrae adjacent to the im- 
planted disc. However, the biocompatability of this disc 
is uncertain because it contains a polymer and a curing 
agent used to hold the metal plates and the elastomeric 
core together. 

Ball and socket type artificial spinal discs have been 
proposed but, without polymer components they have 
less shock absorbing capabilities. Further, there is no 
clinical proof that shock absorption is necessary, as ad- 
jacent discs can compensate for a reduced level of 
shock absorption in one or two discs along the entire 
spinal column. 

Non-polymeric disc components include ceramic 
and metal materials and designs have included hinged, 
sliding and ball and socket-type solutions. The hinged 
design frequently is constraining, and the patient cannot 
effectively move in some directions. Sliding disc surfac- 
es generally do not have the ability to accommodate 
bending or twisting motion, but do help assist with nat- 
ural translation motion tendencies within the disc space. 
However, due to the small space between adjacent ver- 



tebrae, the contact stress with only this type of single 
(translation) motion capability between the sliding sur- 
faces can lead to excessive wear and eventual disfunc- 
tion of the artificial intervertebral disc. 

s The most logical solution for spinal disc replace- 
ment is the ball and socket -type design. Ceramics have 
been proposed, but ceramic surfaces are extremely 
hard and prone to excessive contact stress and wear if 
three-body particles or debris become lodged between 

10 the two surfaces. Without film lubrication to separate the 
two ceramic surfaces, high hertzian contact stresses 
can fracture the hard surface, leading to continued and 
accelerated surface wear damage. Debris, such as 
bone chips, can readily create this adverse three-body 

15 wear process. Further, because of the relatively high 
stiffness of ceramics, implant design and machining 
must be such that surface contact is optimized. Such 
precision machining is extremely difficult to accomplish 
with ceramic surfaces. 

20 Hard, metal surfaces which are passivated by rela- 
tively soft, lubricious oxides and oxyhydroxides (i.e., Cr- 
containing metals) are much more tolerant to the occa- 
sional severe, high contact stress wear conditions found 
in the vertebral column. However, this type of ball and 

25 socket system is only effective under normal, non-ex- 
treme motion. During extreme motion and bending of 
the spinal column, the ball can "rock out" of the socket 
and impinge the device edges, creating high stresses 
and wear. Metals would be more tolerant under these 

30 extreme conditions than hard ceramic, but metal com- 
ponents can also experience some wear conditions. 
Therefore, allowance in the implant design to minimize 
contact stress in these extreme motion conditions is also 
desirable. 

55 Other designs using either ceramic or metal mate- 
rials also restrict motion relative to the adjacent verte- 
brae. Some skilled in the art feel that, because the nat- 
ural healthy disc experiences a limit of about 1 1 ° motion 
in the anterior-posterior plane (bending forward/back- 

40 ward) and a limit of about 3-5° motion in the medial-lat- 
eral plane (bending side-to-side), the artificial disc re- 
placement must also have this limitation, which causes 
other adjacent discs to take up the strain. Further, some 
skilled in the art argue that there must be a restriction 

45 to rotation (1-2°) within the artificial disc for the same 
reasons. For example, U.S. patent 4,759,769 discloses 
a hinged/spring design with a limitation of 20° in flexion/ 
extension and allowance of a small amount of side-to- 
side rocking. Rotation is restricted with this device. U.S. 

50 patent 5,071 ,437 describes an implant device that limits 
flexion/extension and lateral bending to physiologic an- 
gles and allows for only 2-3° of rotation. This device also 
allows for 1-2 mm of transition. U.S. patent 4,759,766 
describes a device composed of two cobalt/chrome end 

55 plates with a domed polyethylene central core which al- 
lows 10° flexion/extension, a small amount of lateral 
bending, and is rotationally restricted. The addition of 
these anatomical restrictions to disc replacement de- 
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signs limit the type and effectiveness of the design and 
the materials that may be employed. For example, if the 
disc prosthesis exceeds its 11 ° bending restriction, than 
as mentioned above, the non-bearing surfaces will con- 
tact each other and inappropriately displace the pros- 
thesis or create an adverse wear situation. 

It is felt that restrictions in disc prosthesis design 
may not only create a performance liability, but are also 
not needed. The surrounding ligaments, muscles, and 
other tissues provide a built-in restriction to anterior/ 
posterior, medial-lateral, and twisting motions of the ar- 
tificial intervertebral disc, at least to a point in which ad- 
jacent discs are not significantly affected. 

For the reasons mentioned above, the present in- 
vention provides an unrestricted ball and socket-type ar- 
tificial spinal disc containing low wear bearing surfaces 
of chromium containing metals, precision machined to 
minimize contact stress and anchored to the adjacent 
vertebrae with press fit or cemented methods known in 
the art of joint replacement. To accommodate extreme 
motion, the peripheral areas of the ball and socket type 
intervertebral disc are designed to minimize stress and 
wear. This design can also incorporate the ability to 
translate, similar to that for a miniscal bearing knee. Ad- 
ditionally, the bearing portions of the disc of the artificial 
intervertebral disc can be attached to a different material 
for anchoring the disc portions to the adjacent bone. 

The present invention provides an artificial spinal 
disc for surgical placement between adjacent vertebrae. 
The apparatus of the present invention provides a low 
wear artificial spinal disc that includes a first component 
for attaching to a first vertebrae having a concave re- 
cess, with the concave contoured surface having a cir- 
cumference of 360°. A second component for attaching 
to a second vertebrae has a projection that fits the con- 
cave recess of the first component^ with the convex con- 
toured surface having a circumference of 360°. The cor- 
responding contoured surfaces allow an unrestricted ro- 
tational and a relatively unrestricted flexion/ extension 
bending motion between the first and second compo- 
nents relative to a patient's normal spinal axis when in 
a standing position with the spine in a straightened po- 
sition. 

Therefore according to the present invention there 
is provided an artificial spinal disc for surgical placement 
between first and second adjacent vertebrae of a pa- 
tient's spine, comprising: 

(a) a first component for attaching to the first verte- 
brae, said first component including a concave re- 
cess, the concave contoured surface having a cir- 
cumference of 360°; 

(b) a second component for attaching to the second 
vertebrae, said second component including a pro- 
jection that fits the concave recess of the first com- 
ponent, the convex contoured surface having a cir- 
cumference of 360°; 

(c) the corresponding contoured surfaces being 



configured so as to allow an unrestricted rotational 
and a flexion/extension bending motion between 
the first and second components relative to a pa- 
tient's normal spinal axis when in a standing posi- 
s tion with the spine in a straightened position. 

In another embodiment of the present invention 
there is provided an artificial spinal disc for surgical 
placement between first and second adjacent vertebrae 
10 of a patient's spine, comprising: 

(a) a first component for attaching to the first verte- 
brae, said first component including a base portion 
and a bearing portion, said bearing portion including 

15 a concave recess, the concave contoured surface 
having a circumference of 360°; 

(b) a second component for attaching to the second 
vertebrae, said second component including a base 
portion and a bearing portion, said bearing portion 

20 including a projection that fits the concave recess 
of the first component, the convex contoured sur- 
face having a circumference of 360°; 

(c) the corresponding bearing portions being con- 
figured so as to allow an unrestricted rotational and 

25 a flexion/extension bending motion between the 
first and second components relative to a patient's 
normal spinal axis when in a standing position with 
the spine in a straightened position. 

30 in a further embodiment of the present invention 
there is provided an artificial spinal disc for surgical 
placement between first and second adjacent vertebrae 
of a patient's spine, comprising: 

35 (a) a first component for attaching to the first verte- 
brae, said first component including a concave re- 
cess, the concave contoured surface having a cir- 
cumference of 360°; 

(b) a second component for attaching to the second 
40 vertebrae, said second component including a pro- 
jection that fits the concave recess of the first com- 
ponent, the convex contoured surface having a cir- 
cumference of 360°; 

(c) the corresponding contoured surfaces being 
45 configured so as to allow an unrestricted rotational 

and a flexion/extension bending motion between 
the first and second components relative to a pa- 
tient's normal spinal axis when in a standing posi- 
tion with the spine in a straightened position; 
50 (d) wherein the first and second components are 
configured so as to allow the artificial spinal disc to 
be implanted as one unit in which openings in bone 
of the adjacent vertebrae are created in order to al- 
low the artificial spinal disc to be slid into place so 
55 as to prevent over distraction. 

The invention will become more apparent when the 
detailed description of exemplary embodiments is con- 
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sidered in conjunction with the appended drawings, in 

which: 

FIGURE 1 is an explodedviewof the present inven- 
tion; 

FIGURE 2 is a side sectional view of the present 
invention as shown in Fig. 1 ; 

FIGURE 3 is the reverse of the exploded view of the 
present invention as shown in Fig. 1; 

FIGURE 4 is a side sectional view of the present 
invention as shown in Fig. 3; 

FIGURE 5 is a side elevational view of an alternate 
shape of the present invention; 

FIGURE 6 is a end plan view of a first component 
of the present invention as shown in Fig. 5; 

FIGURE 7 is a side elevational exploded view of an 
alternate configuration of the present invention; 

FIGURE 8 is an end plan view of a second compo- 
nent of the present invention as shown in Fig. 5; 

FIGURE 9 is a side sectional view of an alternate 
embodiment of the present invention; 

FIGURE 10 is a plan view of the inner side of the 
first component as shown in Fig. 5; 

FIGURE 11 is a plan view of the inner side of the 
second component as shown in Fig. 5; 

FIGURE 12 is a side, partial phantom, view of the 
components of the present invention in a joined re- 
lation; and 

FIGURE 1 3 is a top plan view of the components of 
the present invention in a joined relation showing 
rotational motion. 

As shown in Figs. 1 -4, a low wear artificial spinal or 
intervertebral disc 10 of the present invention includes 
a first component or intervertebral support block 20 for 
attaching to the end plate of a first vertebrae and a sec- 
ond component or intervertebral bearing block 30 for at- 
taching to the end plate of a second adjoining vertebrae. 
The inten/ertebral support block 20 has an outer side 22 
provided with one or more protuberances 24 such as 
pegs, posts or screws and an inner side 26 which has 
a concave recess or recessed receiving mount 28 form- 
ing a socket-like segment located near the center of the 
support block 20 (Fig. 10). The concave contoured sur- 
face of the receiving mount 28 has a circumference of 
360°. 



The intervertebral bearing block 30 has an outer 
side 32 with one or more protuberances 34. such as 
pegs, posts or screws, and an inner side 36 which has 
a projection 38 with a convex surface forming a ball -I ike 
s segment (Fig. 1 1 ), the convex surface having a circum- 
ference of 360"*. The projection 38 corresponds in loca- 
tion to the recessed receiving mount 28 of the support- 
ing block 20 and is shaped so as to fit rotatably into the 
recessed receiving mount 28 of the supporting block 20, 
as shown in Figs. 10-12. The projection 38 of the bearing 
block 30 and the recessed receiving mount 28 of the 
supporting block 20 are shaped so as to form a ball and 
socket-type device which allows for unrestricted rota- 
tional (Fig. 13) and relatively unrestriced flexion/exten- 
sion bending motion (Fig. 12) between the supporting 
block 20 and bearing block 30 relative to a patient's nor- 
mal spinal axis when in a standing position with the 
spine in a straightened position. The inner side 26 of the 
supporting block 20 and the inner side 36 of the bearing 
block 30 are provided respectively with a surface curv- 
ing or sloping slightly outwards to a periphery 21 , 31 re- 
spectively of the supporting block 20 and bearing block 
30, as shown in Figs. 2-4, 5 and 7. Thus, the inner side 
26 of the supporting block 20 has inclined surfaces be- 
tween the periphery 21 of the supporting block 20 and 
the recessed receiving mount 28. Likewise, the inner 
side 36 of the bearing block 30 has inclinded surfaces 
between the periphery 31 of the bearing block 30 and 
the projection 38, as shown in Figs. 5 and 12. 

As a result, the configuration of the supporting block 
20 and bearing block 30 allows for a considerable angle 
of flexion/extension generally of about between 20-30° 
within which each can turn, as illustrated in Fig. 12, 
thereby enabling a patient with the implanted artificial 
intervertebral disc 10 to have generally normal motion 
and rotation of the spinal column. 

The outer sides 22 and 32 of the intervertebral sup- 
porting block 20 and intervertebral bearing block 30 can 
be substantially flat, slightly concave, or curved in vari- 
ous forms. However, flat or slightly concave outer sur- 
faces are preferable and can be covered with a coating 
of material corresponding to the material that forms the 
supporting block 20 and the bearing block 30. Such 
coated outer surfaces are similar in formation to those 
disclosed in U.S. patent 5. 07T437. 

With the exception of the recessed receiving mount 
28, the inner side 26 of the supporting block 20 is sub- 
stantially flat or slightly convex. A slightly convex inner 
side 26 is preferable because such a surface enables 
the supporting block 20 and the bearing block 30 to ro- 
tate 360° relative to each other. Similarly, with the ex- 
ception of the projection 38, the inner side 36 of the bear- 
ing block 30 is substantially flat or slightly convex. A 
slightly convex inner side 36 is preferable for the same 
reason as discussed above. 

The artificial spinal disc 10 of the present invention 
is shaped so as to provide minimal restriction to bending 
and no restriction to rotational motion between the ad- 
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jacent vertebrae, all of which are limitations found in oth- 
er previous disc designs. In a preferred embodinnent of 
the present invention, as shown in Figs. 5 and 7, the 
edges of the recessed receiving mount 28 or socket seg- 
ment recede quickly in order to maximize bending clear- 
ance. The edges of the recessed receiving mount 28 
blend into the inner side 26 gradually and at a convex 
radius similar to that of the projection 38 in order to min- 
imize contact stress and wear in extreme motion condi- 
tions. This feature also improves stability of the implant 
under extreme motion conditions. The projection 38 or 
ball segment likewise recedes quickly from the bearing 
region and blends gradually into the inner side 36. The 
projection 38 is preferably located approximately in the 
center of the implant 10 but may be designed such that 
the surgeon has an option of this location depending on 
patient needs. 

The projection 38 of the bearing block 30 is of a gen- 
erally hemispherical construction and conforms in 
shape to the concave surface of the receiving mount 28 
such that the projection 38 is capable of rotating freely 
360° in the recessed receiving mount 28. The shape of 
the recessed receiving mount 28 is substantially similar 
in curvature to the projection 38. The convex surface of 
projection 38 is of a depth or thickness that corresponds 
to or is greater than a depth of the concavity of the re- 
cessed receiving mount 28. In order to allow the sup- 
porting block 20 and the bearing block 30 to rotate freely 
in relation to each other, the depth or thickness of the 
convex surface of the projection 38 should be slightly 
greater than the depth of the concavity of the recessed 
receiving mount 28 assuming that the recessed receiv- 
ing mount 28 and projection 38 are provided respective- 
ly with aflat surface. 

The intervertebral supporting block 20 and the in- 
tervertebral bearing block 30 have a total height or thick- 
ness that Is dependent on the height or thickness of the 
deformed intervertebral disc that it is replacing. In addi- 
tion, the supporting block 20 and the bearing block 30 
have a shape that is dependent on the shape of the ver- 
tebrae adjacent to the intervertebral disc being re- 
placed. In a preferred embodiment, the shape of the ar- 
tificial spinal disc 10 is generally oval as shown in Figs. 
6 and 8. 

The recessed receiving mount 28 of the artificial spi- 
nal disc 10 is located at or near the center of the sup- 
porting block 20. Likewise, the projection 38 of the arti- 
ficial spinal disc 10 is located similarly at or near the 
center of the intervertebral bearing block 30. 

The supporting block 20 and the bearing block 30 
are provided respectively with one or more protuberanc- 
es 24, 34 which can be in the form of pegs, posts or 
screws, and are located at any preselected position on 
the outer surfaces 22, 32 respectively of the supporting 
block 20 and bearing block 30. Additionally, flat beaded 
surfaces on the outer surfaces 22, 32 or other securing 
means can be used to hold the artificial spinal disc 10 
in place in the adjacent vertebrae. 



Translation of the primary wear surfaces is not nec- 
essary. However, in an alternate embodiment of spinal 
implant 10A, as shown in Fig. 9, a bearing block 30A 
has a projection or ball segment 38 A and a base plate 

s 40, similar in concept to a miniscal bearing knee, which 
allows for a certain amount of translation in combination 
with the rotation and bending allowed by the ball-socket 
design features. Alternatively, the supporting block 20, 
instead of the bearing block 30 A, could have a recessed 

10 receiving mount and a base plate (not shown) identical 
to the bearing block 30A. This feature can improve the 
stability and resistance to dislocation of the implant 1 0A. 
In this alternate embodiment, a ceramic surface on a 
ceramic surface (in addition to metal-metal) can be em- 

15 ployed for the two opposing, flat translating surfaces 42 
44, as the contact stresses will be greatly reduced with 
such conformal surfaces. To avoid or minimize potential 
dislocation of the ball and socket, the base plates 40, 
42, which can be formed of titanium or titanium alloy, 

20 can be attached to the supporting block 20A and the 
bearing block 30A mechanically or via shrink-fit or weld- 
ing methods. 

The intervertebral supporting block 20 and the in- 
tervertebral bearing block 30 can be made of metal ma- 
25 terial such stainless steel 316 LVM, or titanium-6-4, or 
cobalt/chrome alloy, which are all suitable for orthopedic 
surgery. In addition, a ceramic material such as hy- 
droxyapatite, and the biologically compatible organic 
polymer such as HDPE may be used to make the artifi- 
ce cial spinal disc 1 0 of the present invention. 

In a preferred embodiment, the recessed receiving 
mount 28 and the projection 38 of the artificial spinal 
disc 10 are formed of a hard Cr-containing metal which 
is attached to titanium, titanium alloy, cobalt/chrome al- 
55 by, zirconium or zirconium alloy base components 23, 
33 respectively as shown in Fig. 7. The preferred mate- 
rial for the base components 23, 33 is titanium or titani- 
um alloy to minimize shadow effects from MRI imaging. 
Further although bone cement may be used, the pre- 
40 ferred embodiment utilizes a macro-textured or porous- 
coated outer side 22, 32 with the anchoring pegs or 
screws 24, 34 being porous-coated or macro-textured 
also. 

The preferred material for the recessed receiving 
45 mount 28 and projection 38 is a Cr-containing iron or 
cobalt alloy with ch romium in excess of about 1 5 weight 
% chromium, and the addition of about 2-6 weight % 
molybdenum to improve corrosion resistance in chlo- 
ride-containing environments. Acceptable examples in- 
50 elude A.I. S.I. 316 L stainless steel or ASTM F-75 cast 
Co-Cr-Mo or ASTM F-799 wrought Co-Cr-Mo alloy all 
currently used in medical implant applications. Howev- 
er, due to the relatively high contact pressures incurred 
in ball-socket connections within the confined space be- 
55 tween adjoining vertebrae, it is preferable to use a sur- 
face-hardened Cr-containing metal such as that de- 
scribed by Davidson in U.S. patent 5,415,704. Such al- 
loy compositions produce minimal wear, are tolerant of 
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three-body abrasion, and produce a relatively lubricious 
Cr/oxyhyroxide surface layer which enhances motion 
and wear resistance. 

The present invention thus provides an unrestricted 
ball and socket-type artificial spinal disc containing low 
wear bearing surfaces of chronnium containing metals, 
precision machined to minimize contact stress and an- 
chored to the adjacent vertebrae with press fit or ce- 
mented methods known in the art of joint replacement. 
The artificial spinal disc 10 and 10A can be implanted 
to replace a degenerated or diseased intervertebral disc 
by conventional orthopedic surgery which is well known 
in the art. 

The artificial spinal disc 10 and 10A is configured 
so as to allow the implant 1 0, 1 0A, to be implanted as a 
one piece unit rather than inserting one component at a 
time, which eliminates the need for over distraction of 
the adjacent vertebrae. In a bone resection technique 
that allows for the implantation of the implant as a single 
unit, openings or channels are formed in the bone of the 
adjacent vertebrae in a shape that conforms to the pro- 
jections 24, 34. The implant 10, 10A is slid in place be- 
tween the resection lines, as one unit, which prevents 
the need for over distraction, which can place unneces- 
sary stresses on the surrounding structures. 

Although the present invention has been described 
with reference to its preferred embodiments, those 
skilled in the art will recognize changes which may be 
made in form and structure which do not depart from the 
spirit of the invention already described in the specifica- 
tion and embodied in the claims which follow. 



Claims 

1. An artificial spinal disc (10) for surgical placement 
between first and second adjacent vertebrae of a 
patient's spine, comprising: 

(a) a first component (20) for attaching to the 
first vertebrae, said first component (20) includ- 
ing a concave recess (28), the concave con- 
toured surface having a circumference of 360**; 

(b) a second component (30) for attaching to 
the second vertebrae, said second component 
(30) including a projection (38) that fits the con- 
cave recess (28) of the first component (20), 
the convex contoured surface having a circum- 
ference of 360°; 

(c) the corresponding contoured surfaces being 
configured so as to allow an unrestricted rota- 
tional and a flexion/extension bending motion 
between the first and second components 
(20,30) relative to a patient's normal spinal axis 
when in a standing position with the spine in a 
straightened position. 

2. The artificial spinal disc of claim 1 , wherein the con- 



toured surface of at least one component is formed 
from a chromium-containing metal having a chromi- 
um content in excess of about 15 weight percent. 

s 3. The artificial spinal disc of claim 1 , wherein at least 
one contoured surface is formed from a cobalt -chro- 
mium-molybdenum alloy. 

4. The artificial spinal disc of claim 1 , wherein at least 
10 one contoured surface is formed from a cobalt-chro- 
mium-molybdenum-tantalum alloy with tantalum re- 
placing the cobalt and being less than about 5 
weight percent. 

15 5. The artificial spinal disc of claim 1 , wherein both 
contoured surfaces are formed from a cobatt-chro- 
mium-molybdenum alloy. 

6. The artificial spinal disc of claim 1 , wherein both 
20 contoured surfaces are formed from a cobalt-chro- 
mium-molybdenum-tantalum alloy with tantalum re- 
placing the cobalt and being less than about 5 
weight percent. 

25 7. The artificial spinal disc of claim 1 , wherein the first 
(20) and second (30) component include anchoring 
means (24,34) for attachment to the respective first 
and second vertebrae. 

30 8. The artificial spinal disc of claim 7, wherein the an- 
choring means (24,34) includes pegs, posts or 
screws. 

9. The artificial spinal disc of claim 7, wherein the an- 
35 choring means (24,34) includes a porous-coated or 

macro-textured surface to facilitate bone ingrowth. 

10. An artificial spinal disc of claim 1 , wherein the com- 
ponents are generally oval in shape with the con- 

40 toured surfaces being positioned approximately in 
the center of the component. 

11. An artificial spinal disc of claim 1 , wherein the first 
and second components are configured so as to al- 

45 low the artificial spinal disc to be implanted as one 
unit in which over distraction is eliminated. 

12. An artificial spinal disc (10) for surgical placement 
between first and second adjacent vertebrae of a 

50 patient's spine, comprising: 

(a) a first component (20) for attaching to the 
first vertebrae, said first component (20) includ- 
ing a base portion and a bearing portion, said 

55 bearing portion including a concave recess 

(28), the concave contoured surface having a 
circumference of 360°; 

(b) a second component (30) for attaching to 
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the second vertebrae, said second component 
including a base portion (40) and a bearing por- 
tion, said bearing portion including a projection 
(38A) that fits the concave recess (28) of the 
first component (20), the convex contoured sur- 
face having a circumference of 360°; 
(c) the corresponding bearing portions being 
configured so as to allow an unrestricted rota- 
tional and a flexion/extension bending motion 
between the first and second components 
(20,30A)relative to a patient's normal spinal ax- 
is when in a standing position with the spine in 
a straightened position. 

13. The artificial spinal disc of claim 12, wherein the 
bearing portions of at least one component being 
formed from a chromium-containing metal having a 
chromium content in excess of about 15 weight per- 
cent. 

14. The artificial spinal disc of claim 12, wherein the 
bearing portions of at least one component are 
formed from a cobalt-chromium-molybdenum-tan- 
talum alloy with tantalum replacing the cobalt and 
being less than about 5 weight percent. 

15. The artificial spinal disc of claim 1 2, wherein at least 
one of the base portions of a component includes 
means for translation between the bearing portions. 

16. The artificial spinal disc of claim 1 2, wherein at least 
one base portion is formed from a material different 
from the material of the bearing portion. 

17. The artificial spinal disc of claim 16, wherein the 
base portion includes means for attaching to the 
bearing portion. 

18. The artificial spinal disc of claim 1 2, wherein the first 
and second component include anchoring means 
(24,34) for attachment to the respective first and 
second vertebrae. 

19. The artificial spinal disc of claim 1 8, wherein the an- 
choring means (24,34) includes pegs, posts or 
screws. 

20. The artificial spinal disc of claim 1 8, wherein the an- 
choring means (24,34) includes a porous-coated or 
macro-textured surface to facilitate bone ingrowth. 

21 . An artificial spinal disc of claim 1 2, wherein the com- 
ponents are generally oval in shape with the con- 
toured surfaces being positioned approximately in 
the center of the component. 

22. The artificial spinal disc of claim 1 , wherein the first 
component (20) includes inclined surfaces between 



a periphery (21 ) of the first component and the con- 
cave recess (28). 

23. The artificial spinal disc of claim 1 , wherein the sec- 
s ond (30) component includes inclinded surfaces be- 
tween a periphery (31) of the second component 

and the projection (38). 

24. An artificial spinal disc (10,1 OA) for surgical place- 
bo ment between first and second adjacent vertebrae 

of a patient's spine, comprising: 

(a) a first component (20) for attaching to the 
first vertebrae, said first component (20) includ- 
ing a concave recess (28), the concave con- 
toured surface having a circumference of 360°; 

(b) a second component (30) for attaching to 
the second vertebrae, said second component 
(30) including a projection (38) that fits the con- 
cave recess (28) of the first component (20), 
the convex contoured surface having a circum- 
ference of 360°; 

(c) the corresponding contoured surfaces being 
configured so as to allow an unrestricted rota- 
tional and a flexion/extension bending motion 
between the first and second components 
(20,30) relative to a patient's normal spinal axis 
when in a standing position with the spine in a 
straightened position; 

(d) wherein the first (20) and second compo- 
nents (30) are configured so as to allow the ar- 
tificial spinal disc to be implanted as one unit in 
which openings in bone of the adjacent verte- 
brae are created in order to allow the artificial 
spinal disc (10,1 OA) to be slid into place so as 
to prevent over distraction. 
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Beschreibung 

Die Erfindung betrifft ein Implantat, Insbesondere 
eine Zwischenwirbelprothese, bestehend aus einem 
langlichen, elastischen Korper. Eine Prothese dieser 
Art ist aus EP-A-0 453 393 bekannt. Sie dient zum 
Ersatz eines beschadigten Bandscheibenkernes 
(nucleus pulposus). Dabei bleibtder aussere Ring (anu- 
lus f ibrosus) einer naturlichen Bandscheibe weitgehend 
erhalten. Die bekannte Prothese besteht aus einem 
flussigkeitsdichten Holilkorper, der mit einem inkom- 
pressiblen, fiiessfahigen Medium gefullt ist. Diese Pro- 
these bendtigt zu ihrer Implantation ein besonders 
ausgebildetes Einfiihrungsinstrument, mit dem der 
Hohlkorper intra-operativ zu Spiralform aufgewickelt 
und anschliessend gefullt werden kann. Dies stellt hohe 
Anforderungen an die Geschicklichkeit des Operateurs 
einerseits, sowie an die Herstellung des Einfuhrungsin- 
struments hinsichtlich des Aufwickelmechanlsmus, 
sowie hinsichtlich der Fullvorrichtung. Ferner stellen die 
Dichtheitskriterien des Hohlkorpers In Anbetracht der 
hohen Belastungen im Wirbelsaulenbereich auf Dauer 
ein Risiko dar. Nachdem der Korper im Zwischenwirbel- 
bereich aufgerollt und gefullt worden ist, liegt das freie 
Ende am anulus fibrosus an, falls das Hilfswerkzeug, 
welches zum Fullen und Abdichten Im Zentrum der Spi- 
rale angreift, entfernbar ist ohne Hohlraume zu erzeu- 
gen. Nur wenn kein Abwandern von Spiralenteilen in 
andere Hohlraume erfolgen kann, konnen die bel Bela- 
stung auftretenden, radial gerichteten Krdfte tompen- 
siert werden und die Spirale erhdlt die gewiinschte 
Stutzfunktion. 

Aufgabe der Erfindung ist es, ein Implantat zu 
schaffen, das eine einfache Handhabung eriaubt. 

Diese Aufgabe wird gelost durch ein Implantat 
gemass Anspruch 1, welches einen langlichen, elasti- 
schen Kdrper umfasst, der formelastisch ist und im kraf- 
tefreien Zustand die Form einer Spirale annimmt. Der 
Querschnitt des Korpers Ist vorzugsweise rechteckig, 
wobei die Kanten auch abgerundet sein konnen. Es ist 
auch mOglich KOrper mit rundlichem Querschnitt zu ver- 
wenden, solange bei Belastung eine im wesentlichen 
formschlussige, verkantungssichere Lage der Spirale 
erhalten bleibt. Der Querschnitt des elastischen KOr- 
pers muss nicht konstant sein uber seine ganze Lange, 
vielmehr stellt sich heraus, dass die Dicke vorzugsweise 
nach aussen hin abnehmen kann. Eine derartige Spi- 
rale hat den Vorteil, dass sle sich selbst ablegt, beim 
Einstossen nicht knickt und in einer passenden aufge- 
wickelten Lange abtrennbar ist. 

Das Implantat kann als solches die Form einer 
Zylinderscheibe annehmen, also f lach ausgebildet sein, 
Oder aber den Konturen der Wirbelflachen folgend Wdl- 
bungen nach aussen und/oder innen aufweisen. 
Dadurch wird erreicht, dass sich die bei Belastung 
erzeugten Krafte gleichmasslger auf die Wirbelflachen 
verteilen. Der Durchmesser der Spirale ist vorzugs- 
weise so bemessen, dass der Raum innerhalb des anu- 
lus fibrosus ausgefullt wird. 



Um die Bandscheibe einzufuhren, hat es sich als 
vorteilhaft er-wiesen, Versteifungsmittel in Form eines 
Kunststoff- Oder Metallbandes am freien Ende der Spi- 
rale anzubringen, uber welches eine Abtrennvorrich- 

5 tung bis an eine vorgesehene Trennstelle gefuhrt 
werden kann. Das Band weist im kraftefreien Zustand 
vorzugsweise keine Krummung auf. Nach erfolgter 
Implantation wird das Band zusammen mit dem nicht 
bendtigten Spiralenanteil von der abgelegten Spirale 

■fo mittels der Abtrennvorrichtung abgetrennt. 

Um die Lage des Implantates intra- und post-opera- 
tiv kontrollieren zu konnen, empfiehit sich das Vorsehen 
von rOntgen-positiven Markierungen in Form von 
Kugein oder eines Fadens auf bzw. entlang innerhalb 

15 des elastischen Korpers. 

Das Material, aus dem der elastische Kdrper her- 
gestellt Ist, soil im wesentlichen den elastischen Eigen- 
schaften einer Bandscheibe entsprechen, sodass die 
auftretenden Krdfte mdglichst gleichmdssig auf die Wir- 

20 belflache ubertragen werden. Als vorteilhaft hat sich die 
Venwendung von Polyurethan oder Polyurethan-Silicon- 
gemischen herausgestellt, welche eine Shore-Harte im 
Bereich von etwa 80A aufweisen. VenA^endet werden 
tonnen auch Schftume verschiedenster Kunststoffe, 

25 sofern sie den elastischen Anforderungen geniigen. 

In einer besonders bevorzugten Ausfuhrung weist 
die Spriale ein zentrales Mittelstuck auf, um welches 
sich die weiteren Windungen dicht aniegen. Es entste- 
hen nur kleine Zwischenraume, die sich gegebenenfalls 

30 im implantierten Zustand mit Bandscheibenflussigkeit 
fullen und die ein Verkanten des elastischen Korpers 
unter Radialkraften nicht zulassen. Durch ein geeigne- 
tes HOhenzu Breitenverhaitnis wird ein Verkanten des 
elastischen Korpers generell verhindert. Das Mittel- 

35 Stuck kann grundsatzlich eine kreiszylindrische Form 
aufweisen, aber auch Formen wie Kugel oder Ellipsoid 
haben sich als nutzlich enwiesen. Daran schliesst sich 
vorteilhafter Weise ein kurzer, dunnerer Ubergangsteil, 
uber den die Verbindung zur weiteren Spirale herstellt 

40 ist. Dies hat den Vorteil, dass die Spirale in dichtester, 
fiachenschlussiger Packung verbleibt und die grOsst- 
mogliche Flachenverteilung unter Abbau von Kraftspit- 
zen erreicht wird. In einer einfacheren Ausgestaltung 
des Implantates kann das zentrale Mittelstuck auch 

45 weggelassen werden, da sein Flachenbeitrag im Ver- 
haltnis zur Gesamtflache klein ist. 

Die HOhe der Spirale entspricht im wesentlichen 
dem physiologischen zwischenwirbelabstand. Aus den 
elastischen Eigenschaften des venwendeten Materials 

50 ergibt sich die bevorzugte Dicke, in der der elastische 
Korper auszubilden ist. An der Peripherie der Spirale, 
nach etwa drei bis fiinf Windungen, je nach Material und 
Breite der Windung, kann die Dicke des Korpers abneh- 
men. da die aniiegenden Krafte primdr zentral aufge- 

55 nommen werden sollen und da andererseits der KOrper 
an entsprechender Stelle abtrennbar sein soil. In einer 
weiteren Ausgestaltung der Erfindung Ist es mogllch, 
die Hdhe des Implantates den individuellen Wirbelan- 
stSnden anzupassen. 
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Das Abtrennen soil vorzugsweise innerhalb des 
Hohlraumes erfolgen, wofur die entsprechenden Krafte 
mittels eines noch naher zu beschreibenden Instrumen- 
tes aufgebracht werden mussen. 

Die Erfindung bezieht sich auch auf ein Verfahren 
zur Herstellung eines Zwischenwirbelimplantates in 
Spiralform. Dazu kann das Implantat im einfachsten Fall 
z.B. aus einer Werkstoffplatte mit entsprechender Dicke 
ausgeschnitten werden. Als Schneidmlttel sind her- 
kOmmliche Sagen, Schneiddrahte Oder ahnliche Werk- 
zeuge verwendbar. Es konnen aber auch Laser 
Verwendung finden, die sich zur Bearbeitung von 
Kunststoffen eignen. Insbesondere Laser, die ein ather- 
misches Schneiden ermoglichen, wie z.B. Excimer- 
Laser, sind dabei von Vorteil, da sie die Entstehung von 
toxischen Nebenprodukten weitgehend verhindern. Als 
besonders bevorzugtes Verfahren erweist sich ein 
Spritzgussverfahren, wobei die schneckenformige 
Gussfbrm vorzugsweise im Spiralinneren angegossen 
wird. Das so erhaltene Implantat weist eine Spiralform 
mit stark formschliissigen Windungen auf. 

Die Erfindung betrifft welters eine Vorrichtung zum 
Einbringen des Implantates, welche im wesentlichen 
ein Rohr mit rechteckigem Querschnitt aufweist, in dem 
der elastische Korper eingezogen werden kann und 
zwar vorzugsweise so weit, dass das Mittelstuck noch 
aus dem distalen Ende des Rohres ragt. Der Quer- 
schnitt des Rohres entspricht Im wesentlichen dem 
Querschnitt des elastischen Korpers. Der Vorschub des 
KOrpers kann von Hand erfolgen. Vorzugsweise sind 
jedoch unter entsprechender Querschnittsvergrosse- 
rung des Rohres Vorschubmittel in Form eines Stossels 
vorgesehen, welche z.B. Qber einen Hebelmechanis- 
mus aktiviert werden konnen. Der Stossel weist an sei- 
nem distalen, in Wirkverbindung mit dem elastischen 
Korper oder der Versteifung stehenden Ende Mittel auf, 
die einen Vorschub des Korpers erieichtern. Die Mittel 
kdnnen darin bestehen, die Oberfiache aufzurauhen, 
Oder aber auch in zahnartigen Fortsatzen mit Vorzugs- 
orientierung in distaler Richtung. Dadurch wird erreicht, 
dass die Fortsatze bei Vorschub des StOssels in den 
elastischen Korper oder in die Versteifung eingreifen 
und ihn/sie mit sich schieben, wahrend sie bei Ruckzug 
des StOssels uber die Oberfiache nach hinten gleiten. 
Dadurch ist ein kontrollierter Vorschub des elastischen 
Korpers moglich. Von zusatzlichem Vorteil ist es, das 
Rohr an seinem distalen Ende mit einer einseitigen 
Querschnittsverengung auszugestalten, welche an 
ihrem schmalen Ende nur noch den elastischen Korper 
aufnehmen kann. Dies bewirkt, dass der Stossel beim 
Vorschieben gleichzeitig nach unten gedruckt wird und 
so den Kraftschluss zwischen Stossel und Korper ver- 
starkt. 

Das Rohr der Einbringvorrichtung kann vorteilhaf- 
ter Weise auch gekrummt sein, da das Einbringen des 
Implantates In den Zwischenwirbelraum vorzugsweise 
von seitlich dorsal erfolgt. Die Krummung kann sowohl 
nach oben oder unten, sowie wahlweise nach links oder 
rechts ausgefiihrt sein. je nachdem von welcher Seite 



der Zugang erfolgen soil. Dabei kann die Einbringvor- 
richtung auch vorne keilfdrmig auslaufen, um benach- 
barte Wirbelkorper nach entstandenem 
Abstandsverlust wieder ausreichend mit dem keilfOrmi- 

5 gen Teil zu distanzieren. 

Die Erfindung betrifft ferner eine Vorrichtung zum 
Abtrennen des nicht benotigten Spiralenendes. Nach- 
dem die Zwischenwirbelprothese implantiert worden ist, 
wird die Einfuhrvorrichtung entlang der Versteifung, 

10 welche wenigstens teilweise ausserhalb des Band- 
scheibenbereichs verbleibt, zuriickgezogen und das 
Abtrenninstrument aufgeschoben. Dieses Instrument 
weist vorzugsweise einen Wirkmechanismus ahnlich 
einer Zange auf, umfassend zwei Griffteile, die uber ein 

15 Gelenk miteinander in Verbindung stehen. Eine Backe 
des Schneidteiles ist hohl ausgeblldet, sodass sie die 
Versteifung aufnehmen kann. Die andere Backe weist 
eine Schneide auf, die im wesentlichen quer zur Langs- 
achse der Zange steht. Die LSnge der Backen sowie die 

20 Anordnung der Schneide in distaler Richtung werden 
vorzugsweise so gewahit, dass einerseits ein Schnitt im 
Zwischenwirbelbereich moglich ist, andererseits noch 
die notwendigen Abtrennkrafte sicher aufgebracht wer- 
den kOnnen. Dabei ist der elastische Kdrper so 

25 umschlossen, dass beim Abtrennen des nicht benotig- 
ten Spiralenendes keine fremden Gewebeteile mitge- 
schnitten werden. Naturlich kOnnen erfindungsgemdss 
auch Zangen Venwendung finden, deren Griffteile in 
einem Winkel zur Langsachse stehen. 

30 In einer besonders bevorzugten Ausfuhrung kann 
die Einbringvorrichtung auch ein Schneidinstrument 
beinhalten. Dies ist z.B. dadurch realisierbar, dass ein 
weiterer StOssel an seinem distalen Ende mit einer 
Schneidklinge versehen ist, die quer zur Langsachse 

35 der Vorrichtung verlauft. Die Schneidwirkung wird durch 
die distale Querschnittsverengung des Rohres. ahnlich 
wie beim Vorschub, erzeugt. 

Das Implantat hat den Vorteil moglichst einfach im 
Aufbau zu sein und eine Stiitzwirkung gleichmassig 

40 uber einen Grossteil seiner Flache zu sichern. Das 
Implantat hat ferner den Vorteil nicht durch zusatzliche 
Mittel in Spiralform fixlert werden zu mussen, sondern 
kann mit vergleichsweise einfachen und sicher zu 
bedienenden Instrumenten eingebracht werden. 

45 Die Erfindung bezieht sich ferner auf ein Verfahren 
zum Einbringen eines spiralfdrmigen Implantates in 
einen Hohlraum, wie es z.B. zu Lehr-, Ubungs-, und 
Demonstrationszwecken Verwendung finden kann. 
Im folgenden wird die Erfindung anhand eines 

50 besonders bevorzugten AusfCihrungsbeispieles im 
Zusammenhang mit den Zeichnungen naher eriautert. 

Fig. 1 zeigt schematisch und stark vergrossert den 
elastischen Korper in Form einer Spirale; 

55 

Fig. 2 zeigt einen Querschnitt durch die Spirale 
nach Fig. 1 ; 

Fig. 3 zeigt in schematischer Darstellung eine Ein- 
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fuhrvorrichtung; 

Fig. 4 zeigt in schematischer Darstellung eine 
Abtrennvorrichtung und 

Fig. 5 zeigt schematisch eine Draufsicht auf die 
Abtrennvorrichtung gemass Fig. 4. 

Die Figuren handeln von einem Implantat, insbe- 
sondere Zwischenwirbelprothese, welches aus einem 
langlichen elastischen Korper besteht, der formela- 
stisch ist und im kraftefreien Zustand die Form einer 
Spirale S annimmt. Die Spirale Idsst sich durch Ruck- 
wartsaufziehen in ein Einfiihrinstrument einziehen, wel- 
ches im Einfiihrbereich nur unwesentlich grosser als 
der Querschnitt des Idnglichen elastischen Kdrpers ist, 
um durch eine Weine Oeffnung im anulus fibrosus den 
Innenraum einer Bandscheibe zu erreichen und die sich 
selbst aufwickelnde Spirale einzuschieben und abzu- 
trennen, wenn der Innenraum gefullt ist. Dies hat den 
Vorteil, dass unterschiedlich grosse Innenraume mitder 
gleichen Spirale gefullt werden konnen. 

Fig. 1 zeigt das spiralfdrmige Implantat mit einem 
zentralen Mittelstuck 1, das im wesentllchen die Form 
eines Zylinders aufweist. Daran schliesst seitlich ein 
dunnerer Bereich 2, der eine starke Abwinkelung und 
somit einen Ibrmschlussigen Ubergang zur daran 
anschliessenden Spiralwindung 3, im wesentllchen 
ohne Zwischenraume, ermoglicht. 

Fur den Fall, bei dem das Mittelstuck entfdilt emp- 
f iehit es sich das innere Ende der Spiralwindung so aus- 
zubilden, dass bei Belastung keine Spannungspitzen 
auftreten kOnnen. Dies kann belspielsweise durch ein 
abgerundetes Ende erreicht werden. 

Die an den Gbergangsbereich anschliessenden 
Spiralwindungen sind formschlussig und weisen eine 
konstante Breite im Bereich von 2 bis 5 mm auf, sodass 
ein Verkanten unter der zu enAfartenden Belastung wei- 
testgehend auszuschliessen ist. Das Implantat umfasst 
vorzugsweise 2-4 verkantungssichere Windungen auf. 
Daran schliesst ein Gbergangsbereich 4 an, in dem die 
Breite des elastischen Korpers soweit reduziert wird, 
dass etwa im Bereich 5 von Fig. 1 ein leichtes Abtren- 
nen mOglich wird. Durch die Anzahl der Windungen wird 
die Spirale intra-operativ auf die gewunschte Grosse 
eingestellt. Die stutzwirkung bezuglich Kippen ist in den 
dusseren schmalen Windungen als solche vermindert, 
jedoch in Verbindung mit den formstabileren inneren 
Windungen ausreichend gross. 

Die Dicke des elastischen Korpers, der die Spirale 
bildet, kann aber auch stetig von innen her abnehmen, 
sodass kein besonders ausgebildeter Gbergangsbe- 
reich notwendig ist. In Fig. 2 Ist die Spirale im Quer- 
schnitt dargestellt. Sie hat einen Durchmesser im 
Bereich von 20 bis 30 mm, vorzugsweise im Bereich 
von 23 bis 25,5 mm. Die Hohe betragt vorzugsweise 5- 
10 mm. Die Hohe kann auch in zentraler Richtung kon- 
tinuierlich zunehmen und im Zentrum maximal 10 mm 
annehmen. Die Hohe kann auch dem individuellen Ver- 



lauf der Wirbelflachen angepasst sein, was insbeson- 
dere bei Wirbelkorperdefbrmationen von Interesse sein 
kann. 

An das freie Ende der Spirale 6 ist eine bandfor- 

5 mige Versteifung 7 fixiert, welche uber das freie Ende 
hinausragt und als Verlangerung beim Hantieren der 
Spirale dienlich ist. Der Gbergang soil moglichst glatt 
sein. Das Band soli in der Lage sein Schubkrafte zu 
ubertragen und wird aus Biotompatibilitats- und Sterili- 

10 sationsgrunden vorzugsweise aus Titan gefertigt. Seine 
Lange betragt praktischer Weise etwa 20 cm und 
ermoglicht eine Fuhrung des Abtrenninstrumentes bis 
zur Abtrennstelle an der Spirale. 

Der elastische Korper besteht vorzugsweise aus 

15 Kunststoff, etwa Polyurethan, wobei im kraftefreien 
Zustand die Spiralwindungen weitestgehend fdrm- 
schlussig zu liegen kommen. Die elastischen Eigen- 
schaften des Materials mussen so sein, dass auch nach 
einem Ausrollen, wieder die Spirallbrm eingenommen 

20 wird. Die Deformationseigenschaften des Materials sol- 
len denen der Bandscheibe weitestgehend ahnlich sein 
und vorteilhafter Weise etwa im Bereich der Shore- 
Harte von 70A bis 90A, vorzugsweise um 80A, liegen. 
Der elastische KOrper kann zu seiner Herstellung 

25 aus dem Werkstoff ausgeschnitten werden, was insbe- 
sondere mit computergesteuerten Lasern moglich ist. 
SchneidvorgSnge, die das Material thermisch nicht 
belasten sind bevorzugt, da so toxische Nebenprodukte 
vermieden werden und auch auf die elastischen Eigen- 

30 schaften des Materials kein Einfluss genommen wird. 
Es muss nicht besonders enwahnt werden, dass das 
Material als solches sterilisierbar sein soli. 

Um die Lage des Implantates Intra- und post-opera- 
tiv kontrollieren zu konnen, empfiehit sich das Vorsehen 

35 von rontgen-positiven Markierungen in Form von Punk- 
ten 8 Oder eines in den Abbildungen nicht dargestellten 
Fadens auf bzw. entlang und innerhalb des elastischen 
KGrpers. Als Markermaterial kann Barium, Tantal Oder 
Ahnliches Venwendung finden. 

40 Die Vorrichtung zum Einbringen des elastischen 
KOrpers ist in Fig. 3 naher dargestellt. Sie umfasst ein 
Vierkantrohr 10 zur Aufnahme der wenigstens soweit 
ausgerollten Spirale, dass ihr noch vorstehender Teil S 
problemlos durch die operativ geschaffene Offnung in 

45 den Zwischenwirbelbereich eingebracht werden kann. 
Das Hohlrohr 10 weist vorzugsweise eine einseitige 
Querschnittsverengung 1 1 am distalen Ende auf, wel- 
che konisch Oder schnabelartig ausgebildet ist. Das 
Rohr kann auch eine Kriimmung aufweisen, die den 

50 Zugang zum Zwischenwirbelbereich von seitlich dorsal 
erieichtert und auf die Handigkeit des Beniitzers abge- 
stellt ist. Die Kriimmung kann aber auch nach caudal 
Oder cranial gerichtet sein, je nach Anforderung. 

Der Vorschub des Korpers kann auch von Hand 

55 erfblgen. Hierbei sind Griffmittel um das Rohr abzustut- 
zen hilfreich. Sie konnen koaxlal mit dem Rohr in Form 
einer Verdickung ausgebildet sein oder radial zur Rohr- 
achse verlaufen. Vorzugsweise sind jedoch Vorschub- 
mittel in Form eines elastischen Stossels 12 
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vorgesehen, welche z.B. iiber einen Hebelmechanis- 
mus 13 betrieben werden konnen. Der Stdssel weist an 
seinem distalen, in Wirkverbindung mit dem elastischen 
Korper oder mit der Versteifung stehenden Ende Mittel 
14 auf, die einen Vorschub des Korpers erieichtern. Die 
Mittel konnen darin bestehen, die Oberflache aufzurau- 
hen, Oder aber auch in zahnartigen FortsStzen mit Vor- 
zugsorientierung in distaler Richtung. Dadurch wird 
erreicht, dass die Fortsatze bet Vorschub des Stossels 
in den elastischen Kdrper oder in die Versteifung ein- 
greifen und ihn/sie mit sich schieben, wahrend sie bei 
Ruckzug des Stossels iiber die Oberflache nach hinten 
gleiten. Dabei ist ein kontrollierter Vorschub des elasti- 
schen Korpers moglich. Die einseitige Querschnittsver- 
engung 11 des Vierkantrohres 10 bewirkt, dass der 
Stossel beim Vorschieben gleichzeitig nach unten 
gedruckt wird und so den Kraftschluss zwischen Stos- 
sel und Korper verstarkt. Dadurch dass der Stossel 
sehr weit vorne an der abgewickelten Spirale angreift, 
wird diese praktisch durch das Hohlrohr gezogen, 
sodass sie sich nicht unter ihrer Eigenspannung selbst 
blockiert, wie es bei Schub von hinten leicht der Fall 
sein konnte. 

Fig. 4 und 5 zeigen eine Vorrichtung zum Abtren- 
nen des uberflussigen Spiralenendes. Nachdem die 
Zwischenwirbelprothese implantiert worden ist, wird die 
Einfuhrvorrichtung entlang der Versteifung 7, welche 
ausserhalb des Bandscheibenbereichs verbleibt, 
zuruckgezogen und das Abtrenninstrument 20 aufge- 
schoben. Dieses Instrument weist vorzugsweise einen 
Wirkmechanismus ahnlich einer Zange auf, umfassend 
zwei Griffteile 21 ,22, die uber eine Gelenk 23 miteinan- 
der in Verbindung stehen. Eine Backe 24 ist In Ldngs- 
richtung mit einer Ausnehmung 25 versehen, in die die 
Versteifung 7 und/oder der elastische Korper 5,6 aufge- 
nommen werden kann. Die andere Backe 26 weist eine 
Schneide 27 auf, die im wesentlichen quer zur Ausneh- 
mung 25 beweglich ist. Die Lange der Backen sowie die 
Anordnung der Schneide in distaler Richtung wird vor- 
zugsweise so gewahit, dass einerseits ein Schnitt inner- 
halb des Zwischenwirbelbereiches mOglich ist, 
andererseits noch die notwendigen Abtrennkrafte 
sicher aufgebracht werden konnen. Die Schneidklinge 
selbst kann als auswechselbare Klinge gestaltet sein. 
Naturlich konnen erfindungsgemass auch Zangen Ver- 
wendung finden, deren Griffteile in einem Winkel zur 
Ldngsachse stehen. 

Nachdem der elastische Korper auf die 
gewunschte Lange gekCirzt worden ist, wird die 
Abtrennvorrichtung zusammen mit der Versteifung 7 
zuruckgezogen. Das Implantat nimmt aufgrund seiner 
formstabilen Eigenschaften die Spiralform an. Das 
Implantat behalt auch unter Belastung seine Spiralform 
bei, ohne dass eine besondere Fixierung des freien 
Endes notwendig w§re. 

Das zuvor beschriebene Verfahren zum Einbringen 
eines spiralformigen Implantates in einen Hohlraum, 
kommt vorteilhafter Weise auch zu Lehr-, Ubungs-, und 
Demonstrationszwecken zur Anwendung. 



Patentanspriiche 

1, Implantat, insbesondere Zwischenwirbelprothese, 
bestehend aus einem langlichen, elastischen Kor- 

5 per dadurch gekennzeichnet, dass der Korper for- 
melastisch ist und im kraftefreien Zustand die Form 
einer Spirale (S) annimmt. 

2. Implantat nach Anspruch 1, dadurch gekennzeich- 
10 net, dass der KOrper im wesentlichen einen recht- 

eckigen Querschnitt (H,B) aufweist, dessen Hohe 
(H) dem zu ersetzenden Zwischenwirbelbereich 
entspricht. 

15 3, Implantat nach Anspruch 1, dadurch gekennzeich- 
net, dass die Spirale eine ebene Grundfldche 
und/oder eine ebene Deckfldche aufweist. 

4. Implantat nach Anspruch 1, dadurch gekennzeich- 

20 net, dass die Spirale wenigstens eine nach aussen 
gewolbte Grund- und/oder Deckflache aufweist. 

5. Implantat nach Anspruch 2, dadurch gekennzeich- 
net, dass das HOhen zu Breitenverhdltnis des 

25 Querschnitts des formelastlschen Korpers wenig- 
stens im Zentrum der Spirale so ausgebildet ist, 
dass der KOrper unter Belastung nicht verkantet 
Oder kippt. 

30 6. Implantat nach Anspruch 2, dadurch gekennzeich- 
net, dass die Breite (B) des Korpers im Inneren der 
Spirale grosser ist als aussen. 

7. Implantat nach Anspruch 1 , dadurch gekennzeich- 
35 net, dass die Spirale in ihrem Zentrum ein anna- 

hernd zylindrisches Mittelstuck (1) aufweist, an 
dem seitlich der formelastische Korper, gegebe- 
nenfalls uber ein Ubergangsglied (2) geringerer 
Breite, ansetzt, um im kraftefreien Zustand eine 
40 formschiussige Spirale im wesentlichen ohne Zwi- 
schenrSume zu erzeugen. 

8. Implantat nach Anspruch 1, dadurch gekennzeich- 
net. dass der KOrper aus sterilisierbarem Material 

45 besteht, dessen Deformationseigenschaften im 
wesentlichen denen einer zu ersetzenden Band- 
scheibe entspricht, wobel das Material vorzugs- 
weise Polyurethan, oder ein Polyurethan- 
Silicongemisch ist. 

50 

9. Implantat nach Anspruch 1 , dadurch gekennzeich- 
net, dass der Korper in Spiralform einen Aussen- 
durchmesser (D) annimmt, der den Raum innerhalb 
des annulus fibrosus im wesentlichen vollstandig 

55 ausfullt, wobei der Aussendurchmesser im Bereich 
zwischen 20 und 30 mm, vorzugsweise Im Bereich 
zwischen 23 und 25,5 mm liegt, sowie vorzugs- 
weise eine Hdhe von 5 bis 10 mm aufweist und die 
Spirale mindestens 3, vorzugsweise 5 Windungen 
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aufweist. 

10. Implantat nach Anspruch 1, dadurch gekennzeich- 
net, dass am freien Ende (6) der Spirale zusatzlich 
Versteifungsmittel (7), vorzugsweise in Form eines 5 
Bandes, vorgesehen sind, uber welches Schub- 
krafte ubertragen werden konnen, wobei das Band 
aus Kunststoff Oder Metall, vorzugsweise aus Titan, 
gefertigt ist. 

10 

11. Impantat nach Anspruch 1, dadurch gekennzeich- 
net, dass Rontgenmarker (8}, vorzugsweise in 
Form von Kugein Oder FSden vorgesehen sind. 

12. Verfahren zur Herstellung eines Zwischenwirbeiim- is 
plantats nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, dass die Spirale im 
Spritzgussverfahren hergestellt wird, wobei der 
Anguss vorzugsweise im Spiralinneren iiegt, Oder, 
dass die Spirale aus einem Werkstoff ausgeschnit- 20 
ten wird. wobei die Schneidmittel einen Laser, ins- 
besondere Excimer-Laser, oder Schneiddraht, Oder 
Sage umfassen. 

13. Vorrichtung zum Einbringen des Implantats nach 25 
einem der Anspruche 1 bis 14, dadurch gekenn- 
zeichnet, dass Mittel zur Aufnahme (10) wenigstens 
eines Teiles der Spirale (S) und Mittel (12,13) zum 
dosierten Vorschieben der Spirale vorgesehen 
sind. 30 

14. Vorrichtung nach Anspruch 13, dadurch gekenn- 
zeichnet, dass die Mittel zur Aufnahme ein hohles 
Rohr (10) mit rechteckigem Querschnitt umfassen, 
dessen distales Ende eine Abschragung (11) auf- 35 
weist, um ein Einfuhren In den Zwischenwirbelbe- 
reich zu erieichtern, wobei die Vorschubmlttel in 
Form eines langlichen, vorzugsweise biegeelasti- 
schen Stossels (12) Innerhalb des hohlen Rohres 
vorgesehen sind und der Stdssel an seinem dista- 40 
len Ende zahnartige FortsStze (14) aufweist, die 
durch die distale Abschragung des Rohres auf den 
elastischen Korper hin in Wirkverbindung gebracht 
werden, so dass ein Vorschub der Stange eine Mit- 
nahme des elastischen KOrpers bewirkt. 45 

15. Vorrichtung nach Anspruch 14, dadurch gekenn- 
zeichnet, dass die Zahne (14) in distaler RIchtung 
hin gerichtet sind, sodass bei Ruckzug des Stos- 
sels ein Gleiten auf der Urtterlage erfolgt, bei Vor- so 
schub jedoch ein Greifen. 

16. Vorrichtung nach Anspruch 14, dadurch gekenn- 
zeichnet, dass die Mittel zur Aufnahme (10) an 
ihrem distalen Ende eine Krummung aufweisen. ss 

17. Vorrichtung nach Anspruch 13, dadurch gekenn- 
zeichnet, dass im distalen Ende eine Abschneid- 
vorrichtung zum Abschneiden der elastischen 



Spirale vorgesehen sind. 

18. Vorrichtung zum Abtrennen eines iiberflusslgen 
Splralenendes mIt Versteifung (7) vom elastischen 
Korper gemass einer der Anspruche 1 bis 11, 
dadurch gekennzeichnet, dass die Vorrichtung 
einen Wirkmechanlsmus in Form einer Zange auf- 
weist, wobei Mittel (25) zur Aufnahme der Verstei- 
fung sowie eine mit einer Backe (26) verbundenen 
Schneidkllnge (27) vorgesehen sind, wobei die 
Schneldkllnge quer zu den Aufnahmemittel (25) fur 
die Spriale beweglich ist. 

19. Verfahren zum Einbringen eines spiralformlgen 
Implantates nach einem der Anspruche 1 bis 1 1 in 
einen Hohlraum umfassend die folgenden Schritte: 

Aufnehmen wenigstens eines Teiles eines for- 
melastischen Kdrpers (8) des Implantates, das 
im kraftefreien Zustand zu einer Spirale aufge- 
wickelt ist, in den dafur vorgesehenen Hohl- 
raum (10) einer Einfuhrvorrichtung, 

einfuhren des elastischen KOrpers mittels Ein- 
fuhrvorrichtung durch eine Offnung des Hohl- 
raumes, 

dosiertes Vorschieben des Spiralkorpers aus 
der Einfuhrvorrichtung, wobei der Korper inner- 
halb des Hohlraumes seine Spiralform 
annimmt, 

abziehen des Einfdhrinstrumentes entlang des 
ausserhalb des Hohlraumes verbleibenden Tei- 
les (7) des Implantates, 

auft)ringen einer Abschneidvorrichtung entlang 
dieses Teiles (7) und Abtrennen des elasti- 
schen KOrpers an der gewunschten Stelle, 

entfernen der Abschneidvorrichtung und des 
abgelrennten Teiles (7). 
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(54) Human spinal disc prosthesis 

(57) An endoprosthesis has a resilient body (20) 
formed of one or more materials which may vary in stiff- 
ness from a relatively stiff exterior annular gasket por- 
tion (22) to a relatively supple central nucleus portion 
(24). Concaval-convex elements (30) at least partly sur- 
round that nucleus portion (24) so as to retain the body 
(20) between adjacent vertebral bodies in a patient's 
spine (10). Assemblies of endoprosthetic discs, endo- 
prosthetic vertebral bodies, and endoprosthetic longitu- 
dinal ligaments may be constructed. To implant this en- 
doprosthesis assembly, information is obtained regard- 
ing the size, shape, and nature of a patient's damaged 
spine. Thereafter one or more prosthetic vertebral bod- 
ies and disc units are constructed in conformity with that 
information. Finally, the completed and conformed ver- 
tebral body and disc assembly is implanted in the pa- 
tient's spine. 
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Description 

This invention relates generally to human prosthe- 
ses, and especially to spinal column vertebral disc pros- 
theses. The invention also relates to surgical proce- s 
dures for preparing the patient to receive a vertebral disc 
endoprosthesis, and for implanting that endoprosthesis 
in the patient's spine. 

The herniation of a spinal disc and the often result- 
ant symptoms of intractable pain, weakness, sensory io 
loss, incontinence and progressive arthritis are among 
the most common of debilitating processes affecting 
mankind. If a patient's condition docs not improve after 
conservative treatment, and if clear physical evidence 
of nerve root or spinal cord compression is apparent, 15 
and if correlating radiographic studies (i.e.. MRI or CT 
imaging or myelography) confirm the condition, surgical 
removal of the herniated disc may be indicated. The 
process of discectomy ~ as the name implies - involves 
the simple removal of the disc without attempt to replace 20 
or repair the malfunctioning unit. In the United States in 
1985, over 250,000 such operations were performed in 
the lumbar spine and in the cervical spine. 

Statistics suggest that present surgical techniques 
are likely to result in short-term relief, but will not prevent 25 
the progressive deterioration of the patient's condition 
in the long run. Through better p re-operative procedures 
and diagnostic studies, long-term patient results have 
improved somewhat. But it has become clear that un- 
less the removed disc is replaced or the spine is other- 30 
wise properly supported, further degeneration of the pa- 
tient's condition will almost certainly occur. 

In the mid-1 950's and 60's, Cloward and Smith & 
Robinson popularized anterior surgical approaches to 
the cervical spine for the treatment of cervical degener- 55 
ative disc disease and related disorders of the verte- 
brae, spinal cord and nerve root: these surgeries in- 
volved disc removal followed by interbody fusion with a 
bone graft. It was noted by Robinson (Robinson, R.A.: 
The Results of Anterior Interbody Fusion of the Cervical 40 
Spine. J. Bone Joint Surg., 440A: 1569-1586, 1962) that 
after surgical fusion, osteophyte (bone spur) reabsorp- 
tion at the fused segment might take place. However, it 
has become increasingly apparent that unfused verte- 
bral segments at the levels above and below the fused 45 
segment degenerate at accelerated rates as a direct re- 
sult of this fusion. This has led some surgeons to per- 
form discectomy alone, without fusion, by a posterior ap- 
proach in the neck of some patients. However, as has 
occurred in surgeries involving the lower back where 
discectomy without fusion is more common as the initial 
treatment for disc herniation syndromes, progressive 
degeneration at the level of disc excision is the rule rath- 
er than the exception. Premature degenerative disc dis- 
ease at the level above and below the excised disc can 55 
and does occur. 

Spine surgery occasionally involves fusion of the 
spine segments. In addition to the problems created by 



disc herniation, traumatic, malignant, infectious and de- 
generative syndromes of the spine can be treated by 
fusion. Other procedures can include bone grafts and 
heavy duty metallic rods, hooks, plates and screws be- 
ing appended to the patient's anatomy; often they are 
rigidly and internally fixed. None provide for a patient's 
return to near-normal functioning. Though these proce- 
dures may solve a short-term problem, they can cause 
other, longer term, problems. 

A number of attempts have been made to solve 
some of the problems described above by providing a 
patient with spinal disc prostheses, or artificial discs of 
one sort or another. For example, Steffee, U.S. Patent 
5,031 ,437, describes a spinal disc prosthesis having up- 
per and lower rigid flat plates and a flat elastomeric core 
sandwiched between the plates. Frey et al., U.S. Pat- 
ents 4,917,704 and 4,955,908, disclose intervertebral 
prostheses, but the prostheses are described as solid 
bodies. 

U.S. Patents 4,911 ,718 and 5,171 ,281 disclose re- 
silient disc spacerS; but no interconnective or containing 
planes or like elements are suggested, and sealing the 
entire unit is not taught. 

It is the primary aim of the present invention to pro- 
vide a vertebral disc endoprosthesis which will perform 
effectively and efficiently within a patient's spine over a 
long period of time, and which will not encourage de- 
generation of or cause damage to adjacent natural disc 
parts. 

It is another object to provide vertebral disc endo- 
prosthesis which does not require pins or other common 
mechanical hinge elements, yet which permits natural 
motion of the prosthetic parts and the adjacent natural 
anatomy. 

It is a related objective to provide a new vertebral 
disc endoprosthesis surgical procedure which will de- 
crease post-operative recovery time and inhibit post-op- 
erative disc, vertebral body and spinal joint degenera- 
tion. 

An associated object is to provide an endoprosthe- 
sis which will encourage bone attachment to, and 
growth upon, adjacent outer surfaces of the endopros- 
thesis. 

Yet another object is to provide a vertebral endo- 
prosthesis in which the parts are non-oncogenic. 

Still another object is to provide a vertebral disc en- 
doprosthesis having a resilient element to accommo- 
date shocks and other forces applied to the spine. 

Another object is to provide a highly effective verte- 
bral endoprosthesis which includes several disc endo- 
prostheses and one or more prosthetic vertebral bodies. 
A related object is to provide these elements in a pre- 
assembled array for implantation in a patient. 

To accomplish these objects, the invention compris- 
es a resilient body formed of a material varying in stiff- 
ness from a relatively stiff exterior portion to a relatively 
supple central portion. A concaval-convex means at 
least partly surrounds that resilient body so as to retain 
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the resilient body between adjacent vertebral bodies of 
a patient's spine. If nnedical considerations so indicate, 
several disc endoprostheses can be connbined with one 
or more endoprosthetic vertebral bodies in an entire as- 
sembly. 

To implant this endoprosthesis assembly informa- 
tion is obtained regarding the size, shape, and nature of 
a patient's damaged natural spinal discs. If one or more 
of the patient's vertebral bodies also require replace- 
ment, information about those bodies is also obtained. 
Thereafter, one or more prosthetic disc units and inter- 
posed prosthetic vertebral body units are constructed 
and preassembled in conformity with that information. 
Finally, the completed and conformed prosthetic disc 
and vertebral body assembly is implanted in the pa- 
tient's spine. 

Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the drawings. 
Throughout the drawings, like reference numerals refer 
to like parts. 

Brief Description of the Drawings 

Fig. 1 is a fragmentary vertical view of a portion of 
a human spine in which is installed a novel vertebral 
disc endoprosthesis embodying the present inven- 
tion; 

Fig. 2 is a fragmentary side elevational view similar 
to Fig. I showing the elements of a patient's spine 
and having a novel vertebral disc endoprosthesis 
embodying the present invention installed therein; 
Fig. 3 is a sectional view taken substantially in the 
plane of line 3-3 in Fig. 1 ; 

Fig. 4 is an exploded view of the novel vertebral disc 

endoprosthesis; 

Fig. 5 is a vertical fragmentary view of patient's 
spine similar to Fig. 1 , but showing a series of novel 
disc endoprosthesis units installed in the spine and 
interconnected to one another; 
Fig. 6 is a fragmentary sectional view of a patient's 
spine similar to Fig. 3 and taken along line 6-6 in 
Fig. 5, but showing a natural upper vertebral body, 
and upper endoprosthetic disc; an adjacent endo- 
prosthetic vertebral body; a second or lower endo- 
prosthetic disc; and a second or lower natural ver- 
tebral body; 

Fig. 7 is a sectional view taken substantially in the 
plane of line 7-7 of Fig. 6; 

Fig. 8 is a fragmentary side elevational view of the 
assembly shown in Fig. 6; and 
Fig. 9 is a fragment vertical view, similar to Fig. 1, 
of portion of a human spine in which is installed a 

variant form of the novel vertebral disc endopros- 
thesis the variant form having a prosthetic longitu- 
dinal ligament: 

Fig. 1 0 is a sectional view taken substantially in the 
plane of line 10-10 in Fig. 9; 



Fig. 11 is a top view of a retainer means for use with 
a vertebral disc endoprosthesis; 
Fig. 1 2 is a sectional view taken substantially in the 
plane of line 12-12 of Fig. 11; 
s Fig. 1 3 is a side view of vertebral disc endoprosthe- 
sis having a groove for receiving the retainer 
means; and 

Fig. 14 is a cross-sectional view of the retainer 
means in use. 

10 

Detaiied Description 

While the invention will be described in connection 
with a preferred embodiment and procedure, it will be 

15 understood that it is not intended to limit the invention 
to this embodiment or procedure. On the contrary, it is 
intended to cover all alternatives, modifications, and 
equivalents as may be included within the spirit and 
scope of the invention as defined by the appended 

20 claims. 

Turning more specifically to Figs. 1-3. a portion of 
human spine 10 is shown. The illustrated spine 10 has 
been subjectedto a discectomy surgical process. To dis- 
courage degeneration of or damage to the natural ver- 

25 tebral bodies 1 2 and 1 4 and their respective facet joints, 
in accordance with the invention, a vertebral disc endo- 
prosthesis 18 is affixed between the adjacent natural 
vertebral bodies 12 and 14. Here this vertebral disc en- 
doprosthesis 18 comprises a resilient disc body 20 hav- 

30 ing a relatively stiff annular gasket exterior portion 22 
and a relatively supple nuclear central portion 24. The 
annular gasket 22 can be formed from a suitable bio- 
compatible elastomer of approximately 90 durometer 
hardness and the nuclear central portion 24 can be 

35 formed from a softer biocompatible elastomeric polymer 
of approximately 30 durometer hardness. 

Concaval-convex means 30 surround the resilient 
body 20 to retain the resilient body 20 between the ad- 
jacent natural vertebral bodies 12, 1 4 in a patient's spine 

40 1 0. To this end, as shown in Fig. 3, the concaval-convex 
means 30 comprise two generally L-shaped supports 32 
and 34. The supports 32, 34 each have confronting first 
concaval-convex legs 42, 44, each leg being of relatively 
constant cross-sectional thickness. Each leg 42, 44 has 

45 an outer convex surface 52, 54 for engaging the adja- 
cent bone of the natural vertebral bodies 12, 14. Corre- 
sponding inner concave surfaces 62, 64 in confronting 
array retain the resilient body 20 in its illustrated com- 
pressive force shock-absorbing position. These sup- 

50 ports 32 and 34 can undergo principle movement away 
from one another, but only limited secondary translation- 
al, rotational and distractional motion will occur. Each 
support 32, 34 has a second wing or leg 72, 74 extend- 
ing generally perpendicularly to the first legs 42, 44 re- 

55 spectively and adapted for affixation to the adjacent 
bone structure. To carry out aspects of the invention de- 
scribed below, this affixation is effectively accomplished 
by cannulated screw devices 82, 84 which may be of a 
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biodegradable type manufactured by Zimmer of Largo, 
Florida. Each device 82, 84 comprises a screw 92, 94; 
and a screw anchor 1 02, 1 04 adapted to threadably re- 
ceive the screw extends radially into and seats within 
the bone structure 12, 14 as especially shown in Fig. 3. 

To discourage and prohibit migration of fluids be- 
tween the endoprosthesis 18 and adjacent parts of the 
anatomy, a seal member 1 1 0 is attached to the supports 
32, 34 so as to surround the resilient body 20 comprised 
of the gasket 22 and nucleus 24, in accordance with an- 
other aspect of the invention. Here, this seal member 
110 comprises a flexible sheet material having a multi- 
plicity of pores. Preferably, the pores are from about 5 
microns to about 60 microns in size. A flexible, strong 
polymer sheet material from which this seal is formed 
can be a Kevlar-like material, or it can be Goretex-like 
material, or other appropriate biocompatible material, 
such as polyether, polyurethane, or polycarbonate ure- 
thane membranes, can be used. Kevlar material is of- 
fered by the E. I. DuPont de Nemours Company of Wilm- 
ington; Delaware and Goretex material is offered by the 
W. T. Gore Company of Flagstaff and Phoenix, Arizona. 
Known sealing material can be applied to the flexible 
sheet material so as to render the tiexible sheet material 
substantially impen/ious to the passage of any fluid. A 
watertight seal is perfected when the seal 110 is glued 
or otherwise affixed to the legs 42, 44 and mediate por- 
tions of the legs 72, 74 as suggested in Figs. 1 -3. 

In an alternative embodiment, the watertight seal 
between the endoprosthesis 18 and adjacent parts of 
the anatomy can be provided by developing a groove 
402 completely encircling the periphery of each of the 
legs 42, 44. Only one of the grooves is shown in Fig. 1 3. 
In this embodiment, the seal member 410 is provided 
with a beaded edge 412 for each groove. Additionally, 
a retaining band 415 is provided for each groove to re- 
tain the seal member 410 in grooves 402. The retaining 
bands 415 can be in the form of a biocompatible mono- 
filament wire of, for example, stainless steel or titanium, 
a synthetic polymer cable or a braided wire cable. As 
shown in Fig. 11, each retaining band is crimped ante- 
riorly by a crimping sleeve 420. Of course, more than 
one crimping sleeve may be used, rf necessary. Al- 
though one sealing arrangement consisting of the 
groove, beaded edge and retaining band is shown in 
Fig. 14, it should be understood that the sealing arrange- 
ment on the concaval-convex leg of the other support is 
identical in design and function. 

In use; the seal member 410 is placed about the 
concaval-convex means 30. The retaining bands 415 
are then placed adjacent to the respective groove 402 
and crimped anteriorly, thereby fitting the bands into the 
grooves. Each beaded edge 412 prevents the slipping 
of the seal member underneath the retaining band. 
Thus, the retaining band, the groove and the beaded 
edge all cooperate to provide a water-tight seal to pre- 
vent the migration of fluids between the endoprosthesis 
18 and adjacent parts of the anatomy. Glue can also be 



used to affix the seal member to the concaval-convex 
means 30 as a supplemental means for perfecting the 
seal. 

In accordance with another aspect of the invention, 
s the supports 32, 34 are formed of a biocompatible metal 

which may contain chromium cobalt or titanium. Surface 
roughening or titanium beading 112, 11 4 on the exterior 
surfaces 52, 54 of legs 42, 44 encourages positive bond- 
ing between the adjacent bone and the convex surfaces 
10 52, 54. 

As suggested in Figs. 9 and 10, a prosthetic longi- 
tudinal ligament 250 can be connected between the 
screws 92, 94 to limit motions between elements of the 
spine 1 0 in the area where the endoprosthesis 18 is im- 
15 planted. This strap 250 may be made of the Kevlar-like 
material or the Goretex-like material described above, 
or it may be made of any other strong biocompatible ma- 
terial. 

In accordance with another aspect of the invention, 

20 multiple endoprosthetic disc units can be placed in se- 
ries with a straddling interlock appendage providing sta- 
bility and fixation as shown in Fig. 5. Entire portions of 
a patients spine can be replaced by a series of intercon- 
nected endoprosthetic vertebral bodies and endopros- 

25 thetic disc units. Figs. 6-8 show an upper natural verte- 
bral body unit 312 to which an upper endoprosthetic 
body 308 has been attached. A lower natural vertebral 
body 314 has attached, at its upper end, an endopros- 
thetic disc unit 318. Between these endoprosthetic disc 

30 units 308 and 318 is an endoprosthetic vertebral body 
320. As suggested by Fig. 7, the endoprosthetic verte- 
bral body 320 need not be irregularly shaped in cross 
sectional aspect; rather, manufacturing processes may 
suggest that it have a circular cross-sectional shape. As 

55 show in Figs. 6 and 8, this endoprosthetic vertebral body 
320 comprises a titanium element 321 , to which are at- 
tached the preformed upper and lower endoprosthetic 
vertebral body upper and lower concaval-convex ele- 
ments 322, 324. Each concaval-convex element 322, 

40 324 is attached to the prosthetic vertebral body 320, as 
shown in Fig. 7, by extending set screws 330 through 
the titanium vertebral body 321 into a stem-like projec- 
tion 331 extending from each of the concaval-convex 
elements 322, 324. A hole 360 in the body 320 accom- 

45 modates the stem-like projections 331 of the concaval- 
convex elements 322 and 324. The stem-like projection 
331 of the concaval-convex elements 322 and 324 is 
used only in conjunction with a prosthetic vertebral body 
implant construction 320. 

50 An ear 340 is affixed, as by weldments 341 , to a leg 
342 extending from a concaval-convex element 322 as 
illustrated in Figs. 6 and 8. An anchor 352 can be thread- 
ed into the endoprosthetic vertebral body 320, and a 
screw 362 can be turned into the anchor 352 so as to 

55 rigidly assemble the leg 342 to a leg 354 extending from 
the lower endoprosthetic disc unit 318 

The upper disc endoprosthesis 308. the endopros- 
thetic vertebral body 320, and the lower disc endopros- 
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thesis 318 can all be assembled and interconnected as 
a unit before implantation in a patient's body when indi- 
cated. 

As also suggested in Fig. 6. the annular corners 
372, 374 of natural vertebral bodies 312, 314 each can 
extend irregularly radially outwardly of the adjacent disc 
endoprosthesis 308, 318. However, the corners 382B, 
384B of the prosthetic vertebral body 320 do not gener- 
ally, extend significantly outside those disc units 308, 
31 8, thus discouraging vertebral body engagement with 
and consequent abrasion or other damage to adjacent 
portions of the patient's natural anatomy. Preferably the 
endoprosthetic vertebral body 320 is not exactly right 
cylindrical in shape, but is rather slightly biconlcal: that 
is, the endoprosthetic vertebral body 320 has a waist 
390 of minimum radius R at an axial medial point as sug- 
gested in Fig. 6. 

According to yet another aspect of the invention, 
novel surgical procedures permit effective and perma- 
nent installation of the endoprosthetic vertebral body 
320 and associated parts. First, a surgeon or medical 
technician develops information about the size, shape 
and nature of patient's damaged vertebral body or bod- 
ies from radiographs, CT and/or IVIRI scans, noting spe- 
cifically the anterior-posterior and lateral dimensions of 
the end plate of each involved vertebral body and the 
vertical height of the anterior aspect of each involved 
vertebral and/or proximate vertebral body and vertical 
height of the mid portion of involved and proximate rel- 
atively normal intervertebral disc spaces. This informa- 
tion is transmitted by telephone, computer datalink or 
documentary transport to a specialized laboratory. That 
laboratory constructs one or more prosthetic assem- 
blies of the sort shown in Fig. 6 in conformity with the 
received information and this disclosure. Each of the as- 
semblies can include a prosthetic vertebral body 321, 
and at each body end is a prosthetic disc 308, 31 8. Each 
prosthetic disc unit comprises, in turn, the concaval-con- 
vex elements 30: the resilient body 20 interposed be- 
tween the concaval-convex elements: and the seal unit 
110 secured around the interior legs and resilient body. 
Thereafter, the completed and conformed assembly is 
implanted in the patient's spine 10. 

When the unit or units have been received and the 
patient properly prepared, the damaged natural spinal 
disc or discs and vertebral body or bodies are removed 
and the adjacent spinal bone surfaces are milled or oth- 
erwise formed to provide concave surfaces to receive 
the confronting convex surfaces 52, 54. Thereafter, the 
disc units and vertebral body are installed in the patient's 
spine. 

To accurately locate the concaval-convex surfaces 
in the patient's spine, holes 382A, 384A (Fig. 3) are pre- 
cisely located and then formed in the bone structure us- 
ing a measuring instrument centered in the evacuated 
natural intravertebral disc space. These holes are then 
tapped to form female threads therein. When the 
threads have been formed, the anchors 102, 104 are 



implanted in the respective tapped holes, thereby cre- 
ating an imaginary platform of reference points located 
precisely with respect to the patient's spine. After the 
holes have been formed and the anchors 102, 104 im- 
s planted, a bone surface milling jig (not shown) is affixed 
to the anchors 102, 104 and the desired concave sur- 
faces of predetermined shape are formed on the inferior 
and superior surfaces of the opposing vertebral bodies 
using one of a selection of predetermined milling head 
or bit sizes. Thereafter, the bone milling jig is removed 
and the concaval-convex elements 52, 54 identical in 
shape to the milled surfaces 112, 114 are inserted be- 
tween the distracted milled vertebral bodies 12, 14. The 
distraction device is then moved. The concaval-convex 
structures are then attached by the same anchors 102, 
1 04 to the bone, thus insuring a precise and stable mate 
between the bone surfaces and the convex surfaces 52, 
54. 

If necessary, a damaged implanted nucleus and/or 
gasket 24 can be removed and replaced. This can be 
accomplished by slitting the seal 110: removing the an- 
nular gasket 24 and damaged nucleus 22, and replacing 
them with new, undamaged elements. Thereafter, the 
seal 110 can be re-established by suturing or gluing 
osed the slit seal. 



30 1. A vertebral disc endoprosthesis, comprising a resil- 
ient body formed of materials varying in stiffness 
from a relatively stiff exterior portion to a relatively 
supple central portion; and concaval-convex ele- 
ments at least partly surrounding the resilient body 
35 between adjacent vertebral bodies for retaining the 
resilient body between adjacent vertebral bodies in 
a patient's spine, and wherein said concaval-con- 
vex elements each comprise generally L-shaped 
supports, each support having a first concaval-con- 
40 vex leg, the first leg having an outer convex surface 
for engaging adjacent bone and a corresponding in- 
ner concave surface for retaining the resilient body 
each support further having a second leg extending 
generally perpendicularly to the first leg and adapt- 
45 ed for affixation to adjacent bone structure. 

2. A vertebral disc endoprosthesis according to claim 

1 , wherein said resilient body comprises an annular 
gasket and a nuclear central portion. 

50 

3. A vertebral disc endoprosthesis according to claim 

2, wherein said annular gasket is relatively stiff and 
said nuclear central portion is relatively supple. 

55 4. A vertebral disc endoprosthesis according to claim 
1, 2 or 3, further comprising cannulated screw 
means for attaching the concaval-convex element 
supports to adjacent bone structure. 
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5. A vertebral disc endoprosthesis according to claim 
4, wherein said cannulated screw means comprises 
a screw, and a screw anchor seatable within bone 
structure and adapted to th readably receive the 
screw. 

6. A vertebral disc endoprosthesis according to any 
preceding claim, further comprising a seal member 
attached to the concaval-convex elements and sur- 
rounding said resilient body. 

7. A vertebral disc endoprosthesis according to claim 

6, wherein said seal member comprises a flexible 
shell material having a multiplicity of pores, the 
pores being from about 5 microns to about 60 mi- 
crons in size. 

8. A vertebral disc endoprosthesis according to claim 

7, further including sealing means applied to said 
flexible sheet material to render said flexible sheet 
material substantially impervious to the passage of 

any fluid. 

9. A vertebral disc endoprosthesis according to claim 
6, wherein said concaval-convex elements and said 
seal member collectively surround said resilient 
body with a watertight seal. 

10. A vertebral disc endoprosthesis according to any 
preceding claim, wherein said concaval-convex el- 
ements are formed of a biocompatible metal. 

11. A vertebral disc endoprosthesis according to any 
one of claims 1 to 9, wherein said concaval-convex 
elements are formed of a metal containing titanium. 

12. A vertebral disc endoprosthesis according to any 
one of claims 1 to 9, wherein said concaval-convex 
elements are formed of a metal containing chromi- 
um cobalt. 

13. A vertebral disc endoprosthesis according to claim 
10, 11 or 12, wherein said concaval-convex ele- 
ments are each partly defined by exterior surfaces, 
and wherein the endoprosthesis further includes 
metal beading on at least part of the exterior con- 
caval-convex element surfaces for encouraging 
bonding between bone and said exterior concaval- 
convex element surfaces. 

14. A vertebral disc endoprosthesis according to claim 
1 wherein said concaval-convex elements are pro- 
vided with roughened outer surfaces to encourage 
positive bonding of bone to said concaval-convex 
element surfaces. 

15. A vertebral disc endoprosthesis according to any 
preceding claim, wherein said concaval-convex el- 



ements are formed of a non-oncogenic material. 

16. A vertebral endoprosthesis comprising an integral 
disc unit, said unit including a pair of confronting L- 

s shaped supports having concaval-convex shapes 
in given legs, a resilient body interposed between 
the supports, and aflexible seal extending from one 
support to the other and sealing the resilient body 
within the supports inside a substantially watertight 

10 compartment. 

17. A vertebral endoprosthesis according to claim 16, 
further comprising a plurality of said integral disc 
units. 

15 

18. A vertebral disc endoprosthesis comprising a resil- 
ient nucleus, rigid concaval-convex elements at 
least partly surrounding the nucleus, an annular 
gasket ring surrounding the nucleus, and a seal 

20 member formed of flexible material and attached to 
the concaval-convex elements and surrounding the 
nucleus and the annular gasket ring. 

19. A vertebral disc endoprosthesis according to claim 
25 18, wherein said concaval-convex elements each 

comprise generally L-shaped supports, each sup- 
port having a first concaval-convex leg, the first leg 
having an outer convex surface for engaging adja- 
cent bone and a corresponding inner concave sur- 
30 face for retaining the nucleus, each support further 
having a second leg extending generally perpendic- 
ularly to the first leg and adapted for affixation to 
adjacent bone structure. 

35 20. A vertebral disc endoprosthesis according to claim 
1 9, further including screw means for adapted con- 
nection to said legs and for affixation in a generally 
radial direction in adjacent generally cylindrical 
bone vertebrae. 

40 

21. A vertebral disc endoprosthesis according to claim 
18, 1 9 or 20, further including means affixed to the 
concaval-convex elements for encouraging bone 
growth partially upon and bone bonding with said 

45 concaval-convex elements. 

22. A vertebral disc endoprosthesis according to any 
one of claims 18 to 21 , further including means for 

interconnecting one of said concaval-convex ele- 
50 ments to a concaval-convex element of another ver- 
tebral disc endoprosthesis, thereby permitting the 
replacement of several natural vertebral discs. 

23. A vertebral disc endoprosthesis comprising a resil- 
55 lent nucleus, first and second rigid concaval-convex 

elements at least partly surrounding the nucleus, 
first and second legs formed, respectively, with the 
first and second rigid concaval-convex elements, 
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first and second means for affixing the respective 
legs to vertebral bodies adjacent the concaval-con- 
vex elements and nucleus, and longitudinal liga- 
ment prosthesis means extending between the legs 
of the first and second concaval -convex elements 
to inhibit undesirable motion of the vertebral bodies 
relative to one another. 

24. A vertebral disc endoprosthesis comprising a 
rounded, resilient nucleus body convex on all sur- 
faces and concaval-convex elements, each con- 
caval-convex element being of relatively constant 
cross-sectional thickness and having an outer con- 
vex surface for engaging adjacent bone structure 
which has been milled to mate with the concaval- 
convex element outer convex surface^ and a corre- 
sponding inner concave surface for engaging the 
rounded resilient body. 

25. A vertebral disc endoprosthesis according to claim 
24, wherein said resilient nucleus body comprises 
a relatively resilient central body and a relatively stiff 
gasket surrounding a circumference of the central 
body, the resilient nucleus body snugly engaging 
the adjacent, mating concave surfaces of the con- 
caval-convex elements. 



retaining the seal member against said grooves, the 
retainer means cooperating with the beaded edges 
and the grooves to form a watertight seal. 

s 33. A vertebral disc endoprosthesis according to claim 

32, wherein the retainer means is a biocompatible 
monofilament metal wire, a synthetic polymer band 
or a braided wire cable. 

10 34. A vertebral disc endoprosthesis according to claim 

33, wherein the biocompatible monofilament metal 
wire is formed of stainless steel or titanium. 

35. A vertebral disc endoprosthesis according to claim 
15 32, further comprising a crimping means for crimp- 
ing the retainer means about the seal member. 

36. A vertebral disc endoprosthesis according to claim 
1 9, wherein each support includes a groove about 

20 its circumference. 



25 



26. A vertebral disc endoprosthesis according to claim 
25, wherein the concaval-convex elements do not 
engage one another. 30 

27. A vertebral disc endoprosthesis according to any 
one of claims 1 to 15, wherein each concaval-con- 
vex element is provided with a respective groove. 

35 

28. A vertebral disc endoprosthesis according to claim 

27, further comprising a seal member including 
beaded edges, the seal member attached to the 
concaval-convex elements and surrounding said 
resilient body. 40 

29. A vertebral disc endoprosthesis according to any 
one of claims 1 to 15, 27 and 28, wherein each sup- 
port includes a groove about its circumference, the 
groove encircling the periphery of the first leg. 45 

30. A vertebral endoprosthesis according to claim 1 6 or 
17, wherein each support includes a groove about 
its periphery and wherein the seal includes beaded 

edges. 50 

31. A vertebral disc endoprosthesis according to any 
one of claims 18 to 22, wherein each element in- 
cludes a respective groove and wherein the seal 
member includes beaded edges. 55 

32. A vertebral disc endoprosthesis according to claim 

28, 30 or 31 , further comprising retainer means for 
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Description 

Background and Summary of tiie Invention 

[0001] The present invention relates to a spinal disc 
prosthesis to replace a damaged or degenerated spinal 
disc in a spinal column of a human. 
[0002] United States Patent Nos. 5,071,437 and 
5,534,030 disclose typical spinal disc prostheses to re- 
place a damaged or degenerated spinal disc in a spinal 
column of a human. The discs disclosed in these patents 
include a pair of rigid plates adhered to opposite surfac- 
es of a body of elastomeric material. In U.S. Patent No. 
5,534,030, the opposite surfaces of the body of elasto- 
meric material to which the rigid plates are adhered ex- 
tend at an angle to each other as they extend across the 
disc. The rigid plates which are adhered to the elasto- 
meric material are not wedge-shaped, but the spinal 
disc comprising the elastomeric core and the rigid plates 
is generally wedge-shaped. 

[0003] The disc when in use is positioned between ad- 
jacent vertebrae, and the rigid plates have bone in- 
growth material for enabling bone to adhere or fuse to 
the rigid plates. The disc is subject to fores which act in 
the spine including compression forces due to loads on 
the spine, shear feces due to bending of the spine, and 
torsional forces due to twisting of the spine. These forc- 
es can be applied simultaneously to the disc. These 
forces may cause the rigid plates to separate from the 
body of elastomeric material. Such spearation would be 
detrimental to the proper functioning of the disc. 
[0004] Also it is desirable to control relative displace- 
ment of the rigid plates when in use to minimize the pos- 
sibility of spinal instability. An excessive amount of rel- 
ative displacement would not be desirable. 
[0005] It has been discovered that the maximum forc- 
es acting on a spinal disc, and particularly the maximum 
forces tending to separate the rigid plates from the body 
of elastomeric material, can be reduced and the relative 
displacement of the rigid plates can be effectively con- 
trolled by constructing the spinal disc so that the disc 
comprises the following: 

1 . an elastomeric core having upper and lower sur- 
faces positioned to lie generally parallel to one an- 
other, 

2. an upper plate permanently coupled to the upper 

surface of the core, the upper plate having an outer 
surface inclined relative to the upper surface of the 
core, and 

3. a lower plate permanently coupled to the lower 

surface of the core, the lower plate having an outer 
surface inclined relative to the lower surface of the 
core. 

[0006] When the spinal disc is in use between adja- 



cent vertebrae, the outer surfaces are inclined away 
from each other as they extend from a posterior portion 
of the spinal disc toward an anterior portion of the spinal 
disc. 

5 

Brief Description of tiie Drawings 

[0007] The foregoing and other features of the 
present invention will become more apparent to one 
10 skilled in the art upon reading the following description 
of a preferred embodiment with reference to the accom- 
panying drawings, wherein: 

Fig. 1 is an elevational view of a human spinal col- 
15 umn having a spinal disc in accordance with the 
present invention between adjacent vertebrae of 
the spinal column; 

Fig. 2 is a top perspective view of the spinal disc of 
Fig. 1; 

20 Fig. 3 is a bottom plan view of the spinal disc of Fig. 

1; 

Fig. 4 is an elevational view, partly in section, of the 
spinal disc of Fig. 1 , taken generally along line 4-4 
of Fig. 3; 

25 Fig. 5 is a sectional view of the spinal disc of Fig. 1 , 
taken generally along line 5-5 of Fig. 3 and with 
parts removed; and 

Fig. 6 is an enlarged view of a portion of Fig. 4. 

30 Description of a Preferred Embodiment 

[0008] The present invention relates to an artificial 
spinal disc prosthesis to replace a damaged or degen- 
erated spinal disc in a spinal column of a human. As 
35 representative of the present invention. Fig. 1 illustrates 
a spinal disc prosthesis, i.e. spinal disc 10. The spinal 
disc 1 0 is illustrated In use between adjacent upper and 
lower vertebrae 12 and 14 of a human spinal column 16. 
The vertebrae 12 and 14 have portions which face an- 
40 teriorly (to the right as viewed in Fig. 1) and portions 
which face posteriorly (to the left as viewed in Fig. 1). 
[0009] The disc 10 comprises a first or upper rigid 
plate 20, a second or lower rigid plate 120, and an elas- 
tomeric core 200 interposed between and adhered to 
45 the two plates. The upper and lower plates 20 and 120 
are identical to each other, and the disc 10 is symmet- 
rical about an anterior-posterior, horizontally extending 
plane A (Fig. 4) and is also symmetrical about a sagittal 
plane B (Fig. 3). The terms "upper" and "lower" are used 
50 herein with reference to the orientation of the disc 10 
when it is implanted in the human body as illustrated in 
Fig. 1, to distinguish the two identical plates for refer- 
ence purposes. 

[0010] The upper plate 20 (Fig. 5) is rigid and is pref- 
55 erably made of a biocompatible metal such as a titani- 
um-vanadium-aluminum alloy having about 90% by 
weight titanium, about 6% by weight aluminum and 
about 4% by weight vanadium. Alternatively, the upper 
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plate 20 can be made of any suitable biocompatible ma- 
terial, including but not limited to a composite plastic ma- 
terial. Tlie upper plate 20 is preferably milled out of a 
single block of metal. The upper plate 20 could, howev- 
er, be made in a different manner, for example, by cast- 
ing. 

[001 1] The upper plate 20 has an anterior portion 22 
and a posterior portion 24. The anterior portion 22 of the 
upper plate 20 is that portion of the upper plate which is 
disposed anteriorly in the spine 16 when the disc 10 is 
implanted in the spine. The posterior portion 24 of the 
upper plate 20 is that portion of the upper plate which is 
disposed posteriorly in the spine 1 6 when the disc 1 0 is 
implanted in the spine. The anterior portion of the upper 
plate can be said to be located generally on one side (to 
the right as viewed in Fig. 5) of an axis 28 of the disc 
10; the posterior portion of the upper plate can be said 
to be located generally on the other side (to the left as 
viewed in Fig. 6) of the axis 28. The axis 28 extends 
through the disc between the upper and lower plates 20 
and 1 20. The axis 28 extends generally along the length 
of the spinal column 16 when the disc 10 is implanted 
in the spinal column. 

[001 2] The configuration of the disc 1 0 (as viewed in 
plan) is designed to conform generally to the shape of 
a natural human spinal disc. The perimeter 30 (Fig. 3) 
of the disc 1 0 has a flat posterior portion 32. The perim- 
eter 30 of the disc 10 has a curved convex portion 34 
which extends between opposite ends 36 and 38 of the 
flat portion 32 of the perimeter. The perimeter 30 of the 
disc 1 0, including the perimeters of the core 200 and of 
the plates 20 and 120, does not have any outwardly pro- 
jecting lobes. The perimeter of the core 200 has the 
same configuration (as viewed in plan) as the perimeter 
of the upper and lower plates 20 and 120. 
[0013] The upper plate 20 has an inner major side sur- 
face 40 which is presented downward as viewed in Fig. 
5. The inner major side surface 40 includes all of the 
surface area of the upper plate 20 which is visible from 
below (in plan) as viewed in Fig. 5. The inner major side 
surface 40 of the upper plate 20 includes a planar first 
surface 42 of the upper plate which extends perpendic- 
ular to the axis 28. 

The area of the first surface 42 is at least 65% or more 
of the area of the inner major side surface 40 as viewed 
in plan, that is, with all points on the inner major side 
surface 40 viewed in a direction parallel to the axis 28. 
Preferably, the area of the first surface 42 is 75% of the 
area of the inner major side surface 40. 
[0014] The first surface 42 is circumscribed by a first 
rim 44 of the upper plate 20. The first rim 44 has a gen- 
erally semi-cylindrical cross-sectional configuration as 
shown in Fig. 5 including an arcuate outer surface 46. 
The outer surface 46 on the first rim 44, and the first 
surface 42, together define a shallow cavity or recess 
48 in the inner major side surface 40 of the upper plate 
20. The first surface 42 forms the bottom of the recess 
48. The outer surface 46 on the first rim 44 forms a part 



of the inner major side surface 40 of the upper plate 20. 
[0015] The upper plate 20 has an outer major side sur- 
face 50 which is presented upward as viewed in Fig. 5, 
The outer major side surface 50 includes all of the sur- 

5 face area of the upper plate 20 which is visible from 
above (in plan) as viewed in Fig. 5. 
[001 6] The outer major side surface 50 includes a pla- 
nar second surface52 of the upperplate20. The second 
surface 52 is circumscribed by a second rim 54 of the 

10 upper plate 20. The area of the second surface 52 is 
greater than the area of the first surface 42. The area of 
the second surface 52 is 85% or more, and preferably 
92%, of the area of the inner major side surface 1 0. 
[0017] The second rim 54 is located outward of (as 

15 viewed in plan) the first rim 44. The second rim 54 has 
an inner surface 56, which extends perpendicular to the 
second surface 52 and extends entirely around the up- 
per plate 20, and a curved outer surface 58. The inner 
surface 56 of the second rim 54, and the second surface 

20 52, together define a shallow cavity or recess 60 in the 
outer major side surface 50 of the upper plate 20. The 
second surface 52 forms the bottom of the recess 60. 
[0018] The distance by which the second rim 54 
projects from the second surface 52 is less than the dis- 

25 tance by which the first rim 44 projects from the first sur- 
face 42. Thus, the recess 60 in the outer major side sur- 
face 50 of the upper plate 20 is shallowerthan the recess 
48 in the inner major side surface 40 of the upper plate. 
[001 9] The second surface 52 of the upper plate 20 is 

30 inclined relative to the first surface 42 of the upper plate. 
The second surface 52 is inclined at an angle in the 
range of from about 1 .5° to about 7.5° relative to the first 
surface 42. In the illustrated preferred embodiment, the 
second surface 52 is inclined at an angle of 5° relative 

35 to the first surface 42. In another preferred embodiment, 
not illustrated, the second surface 52 is inclined at an 
angle of 2.5° relative to the first surface 42. 
[0020] The first and second surfaces 42 and 52 are 
oriented relative to each other so that they are closest 

40 together at the posterior portion 24 of the upper plate 
20, and farthest apart at the anterior portion 22 of the 
upper plate. The second surface 52 is inclined away 
from the first surface 42 as the second surface 52 ex- 
tends from the posterior to the anterior of the disc 10, 

^5 Thus, the first and second surfaces 42 and 52 diverge 
as they extend from the posterior portion 24 of the upper 
plate 20 to the anterior portion 22 of the upper plate. 
This divergence of the first and second surfaces 42 and 
52 gives the upper plate 20 a wedge-shaped configura- 
te tion as viewed in a lateral or medial direction (Fig. 4). 
[0021] A dome 62 projects from the second surface 
52 of the upper plate 20. The dome 62 has a crescent- 
shaped configuration including a central portion 64 and 
two tips 66 and 68 (see Fig. 3). The dome 62 is oriented 

55 on the second surface 52 so that the tips 66 and 68 of 
the crescent-shaped configuration point generally pos- 
teriorly and the central portion 64 of the crescent- 
shaped configuration is located anteriorly of the tips. 
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The dome 62 is also located anteriorly of the axis 28. 
[0022] The dome 62 has a side surface 70 and a top 

surface 72. Thetop surface 72 ofthedome62 is inclined 
at a small angle to the second surface 52. The top sur- 
face 72 on the central portion 64 of the crescent-shaped 
configuration is farther from the second surface 52 than 
are the top surfaces on the tips 66 and 68 of the cres- 
cent-shaped configuration. In the illustrated embodi- 
ment, the top surface 72 of the dome 62 is inclined at 
an angle of 3.8° to the second surface 52 of the upper 
plate 20, that is, at an angle of 8.8° to the first surface 
42 of the upper plate. The top surface 72 of the dome 
62 forms a part of the outer major side surface 50 of the 
upper plate 20. 

[0023] The outer surface 58 of the second rim 54 

merges with an outer peripheral side surface 74 of the 
upper plate 20. The outer peripheral side surface 74 of 
the upper plate 20 extends perpendicular to thefirst sur- 
face 42 of the upper plate and also extends entirely 
around the upper plate. Thus, the outer peripheral side 
surface 74 of the upper plate 20 is not perpendicular to 
the plane of the second surface 52. Because of the in- 
clination of the second surface 52 to the first surface 42, 
the outer peripheral side surface 74 of the upper plate 
20 has a greater axial extent in the anterior portion 22 
of the upper plate (to the right as viewed in Fig. 5) than 
in the posterior portion 24 of the upper plate (to the left 
as viewed in Fig. 5). 

[0024] The upper plate 20 has an outer peripheral 
flange 78 which extends around the periphery of the up- 
per plate. The flange 78 has a generally planarfirst sur- 
face 80 which extends outward from the outer peripheral 
side surface 74, in a direction parallel to the first surface 
42. The first surface 80 of the flange 78 forms a part of 
the outer major side surface 50 of the upper plate 20. 
The flange 78 has a curved second surface 82 which 
extends downward (as viewed in Fig. 5) and inward from 
the first surface 80 of the flange. 
[0025] A planar third surface 84 of the flange 78 ex- 
tends inward from the second surface 82, in a direction 
parallel to the first surface 80 of the flange and parallel 
to the first surface 42 of the upper plate 20. The third 
surface 84 of the flange 78 lies in a plane located be- 
tween the plane of the first surface 42 of the upper plate 
20 and the plane of the second surface 52 of the upper 
plate. The third surface 84 of the flange 78 extends from 
a location outward of the outer peripheral side surface 
74, to a location inward of the outer peripheral side sur- 
face 74, and merges with the outer surface 46 of thefirst 
rim 44. The second and third surfaces 82 and 84 of the 
flange 78 form a part of the inner major side surface 40 
of the upper plate 20. 

[0026] A porous coating 90 (Figs. 4 and 6) is located 

in the recess 48 in the inner major side surface 40 of the 
upper plate 20. The coating 90 is formed on the first sur- 
face 42 and is circumscribed by, or lies inward of, the 
first rim 44. The coating 90 covers the entire extent of 
the first surface 42. The coating 90 comprises a layer of 



small spherical particles or beads 92. 
[0027] The beads 92 are preferably made of commer- 
cially pure titanium, but could be made of any suitable 
biocompatible material. The beads 92 are sized such 

5 that none of the beads pass through a 25 mesh U.S. 
Series Sieve and all the beads pass through a 40 mesh 
U.S. Series Sieve. The beads 92 are preferably adhered 
to the upper plate 20 by diffusion bonding. The beads 
92 can, alternatively, be applied to the upper plate 20 by 

10 any other suitable technique. 

[0028] The coating 90 of beads 92 is firmly adhered 
to the upper plate 20 and is incapable of removal by nor- 
mal abrasions, As described below, the coating 90 in 
combination with a primary adhesive interlocks with the 

15 material of the elastomeric core 200 to provide a strong 
bond between the upper plate 20 and the elastomeric 
core 16. The coating 90 of beads 92 does not project 
past the first rim 44, that is, in a downward direction as 
viewed in Fig. 4 and 6. 

20 [0029] Aporouscoating94(Figs. 2,4and6) islocated 
in the recess 60 in the outer major side surface 50 of the 
upper plate 20. The coating 94 is made from beads 96 
which are the same size as, and are applied in the same 
manner as, the beads 92 on the first surface 42. The 

25 coating 94 is formed on the second surface 52 of the 
upper plate 20 and is circumscribed by, or lies inward 
of, the second rim 54. The coating 94 covers the entire 
extent of the second surface 52. The coating 94 also 
covers the dome 62. 

30 [0030] The coating 94 on the second surface 52, as 
described below, provides for ingrowth of bony tissue 
when the disc 1 0 is implanted in the spine 1 6. The coat- 
ing 94 of beads 96 is thickerthan the depth of the recess 
60. Thus, the beads 96 of the coating 94 project axially 

35 outward past the second rim 54. This Is in contrast to 
the coating 90, which does not project axially outward 
past the first rim 44. 

[0031] The lower plate 1 20 is identical in configuration 
to the upper plate. The lower plate 120 is rigid and is 

40 made from the same material as the upper plate. The 
lower plate 120 (Fig. 5) has an anterior portion 122 
which is disposed anteriorly in the spine 16 when the 
disc 1 0 is implanted in the spine. A posterior portion 1 24 
of the lower plate 120 is disposed posteriorly in the spine 

^5 1 6 when the disc 1 0 is implanted in the spine. 

[0032] The configuration of the lower plate 120 as 
viewed in plan (Fig. 3) is the same as the configuration 
of the upper plate 20. The perimeter of the lower plate 
1 20 has a flat posterior portion and a curved convex por- 

50 tion which extends between opposite ends and of the 
flat portion of the perimeter. The lower plate 120, like 
the upper plate 20, does not have any outwardly pro- 
jecting lobes. 

[0033] The lower plate 120 has an inner major side 
55 surface 140 (Fig. 5) which is presented upward as 
viewed in Fig. 5, The inner major side surface 140 in- 
cludes all of the surface area of the lower plate 120 
which is visible from above (in plan) as viewed in Fig. 5. 
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The inner major side surface 140 of. tlie lower plate 120 
includes a planar third surface 142 of the lower plate 
1 20 which extends perpendicularto the axis 28. The ar- 
ea of the first surface 142 is at least 65% ormore of the 
area of the inner nnajor side surface 140 as viewed in 
plan, that is, with all points on the inner major side sur- 
face 140 viewed in a direction parallel to the axis 28. 
Preferably, the area of the third surface 142 is 75% of 
the area of the Inner major side surface 140. 
[0034] The third surface 142 is circumscribed by afirst 
rim 144 of the lower plate 20. The first rim 144 has a 
generally semi-cylindrical cross-sectional configuration 
as shown in Fig. 5 including an arcuate outer surface 
146. 

The outer surface 1 46 on the first rim 1 44, and the third 
surface 142, together define a shallow cavity or recess 
148 in the inner major side surface 140 of the lower plate 
120. The third surface 142 forms the bottom of the re- 
cess 148. The outer surface 146 on the first rim 144 
forms a part of the inner major side surface 140 of the 
lower plate 120. 

[0035] The lower plate 120 has an outer major side 
surface 150 which is presented downward as viewed in 
Fig. 5. The outer major side surface 150 includes all of 
the surface area of the lower plate 120 which Is visible 
from below (in plan) as viewed in Fig. 5. 
[0036] The outer major side surface 1 50 of the lower 
plate 120 includes a planar fourth surface 152 of the low- 
er plate. The fourth surface 152 is circumscribed by a 
second rim 154 of the lower plate 120. The area of the 
fourth surface 152 is greater than the area of the third 
surface 142. The area of the fourth surface 152 is 85% 
ormore, and preferably 92%, of the Innermajor side sur- 
face 40. 

[0037] The second rim 1 54 is located outward of (as 
viewed in plan) the first rim 144. The second rim 154 
has an inner surface 156, which extends perpendicular 
to the second surface 152 and extends entirely around 
the lower plate 120, and a curved outer surface 158. The 
inner surface 1 56 of the second rim 1 54, and the fourth 
surface 152, together define a shallow cavity or recess 
160 in the outer major side surface 150 of the lower plate 
120. The fourth surface 152 forms the bottom of the re- 
cess 160. 

[0038] The distance by which the second rim 154 
projects from the fourth surface 1 52 is less than the dis- 
tance by which the first rim 144 projects from the third 
surface 142. Thus, the recess 160 in the outer major 
side surface 150 of the lower plate 120 isshallowerthan 
the recess 148 in the inner major side surface 140 of the 
lower plate. 

[0039] The fourth surface 152 of the lower plate 120 
is inclined relative to the third surface 142 of the lower 
plate. The fourth surface 152 is inclined at an angle in 
the range of from about 1 ,5° to about 7.5° relative to the 
third surface 142. In the illustrated preferred embodi- 
ment, the fourth surface 152 is inclined at an angle of 
5° relative to the third surface 142. In another preferred 



embodiment, not illustrated, the fourth surface 152 is in- 
clined at an angle of 2.5° relative to the third surface 1 42. 
[0040] The third and fourth surfaces 142 and 152 are 
oriented relative to each other so that they are closest 

5 together at the posterior portion 124 of the lower plate 
1 20, and farthest apart at the antenor portion 1 22 of the 
lower plate. The fourth surface 152 is inclined away from 
the third surface 1 42 as the fourth surface 1 52 extends 
from the posterior to the anterior of the disc 10. Thus, 

10 the third and fourth surfaces 142 and 152 diverge as 
they extend from the posterior portion 124 of the lower 
plate 120 to the anterior portion 122 of the lower plate. 
This divergence of the third and fourth surfaces 142 and 
1 52 gives the lower plate 1 20 the same wedge-shaped 

15 configuration as the upper plate 20. 

[0041] A dome 162 projects from the fourth surface 
152 of the lower plate 120. The dome 162 has a cres- 
cent-shaped configuration including a central portion 
164 and two tips 166 and 168 (see Fig. 3). The dome 

20 1 62 is oriented on the fourth surface 1 52 so that the tips 
1 66 and 1 68 of the crescent-shaped configuration point 
generally posteriorly and the central portion 164 of the 
crescent-shaped configuration is located anteriorly of 
the tips. The dome 162 is also located anteriorly of the 

25 axis 28. 

[0042] The dome 162 has a side surface 170 and a 
top surface 172. The top surface 172 of the dome 162 
is inclined at a small angle to the fourth surface 152. The 
top surface 1 72 on the central portion 1 64 of the cres- 

30 cent-shaped configuration is farther from the fourth sur- 
face 1 52 than are the top surfaces on the tips 1 66 and 
168 of the crescent-shaped configuration. In the illus- 
trated embodiment, the top surface 1 72 of the dome 1 62 
is inclined at an angle of 3.8° to the fourth surface 152 

35 of the lower plate 1 20, that is, at an angle of 8.8° to the 
third surface 1 42. The top surface 1 72 on the dome 1 62 
forms a part of the outer major side surface 140 of the 
lower plate 120. 

[0043] The outer surface 158 of the second rim 154 
40 merges with an outer peripheral side surface 1 74 of the 
lower plate 120. The outer peripheral side surface 174 
extends perpendicular to the third surface 142 of the 
lower plate 120 and also extends entirely around the 
lower plate. 

^5 Thus, the outer peripheral side surface 1 74 of the lower 
plate 1 20 is not perpendicular to the plane of the fourth 
surface 152. Becauseof the inclination of the fourth sur- 
face 152 to the third surface 142, the outer peripheral 
side surface 174 of the lower plate 120 has a greater 

50 axial extent in the anterior portion 1 22 of the lower plate 
(to the right as viewed in Fig. 5) than in the posterior 
portion 124 of the lower plate (to the left as viewed in 
Fig. 5). 

[0044] The lower plate 120 has an outer peripheral 
55 flange 178 which extends around the periphery of the 
lower plate. The flange 1 78 has a generally planar first 
surface 180 which extends outward from the. outer pe- 
ripheral side surface 174, In a direction parallel to the 
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third surface 142. The first surface 180 on the flange 
1 78 forms a part of the outer major side surface 1 50 of 
the lower plate 120. The flange 1 78 has a curved second 
surface 182 which extends upward (as viewed in Fig. 5) 
and inward from the first surface 1 80 of the flange. 
[0045] A planar third surface 184 of theflange 178 ex- 
tends inward from the second surface 1 82, in a direction 
parallel to the first surface 180 of the flange and parallel 
to the third surface 1 42 of the lower plate 1 20. The third 
surface 1 84 of the flange 1 78 lies in a plane located be- 
tween the plane of the third surface 142 of the lower 
plate 1 20 and the plane of the fourth surface 1 52 of the 
lower plate. The third surface 1 84 of the flange 1 78 ex- 
tends from a location outward of the outer peripheral 
side surface 174, to a location inward of the outer pe- 
ripheral side surface 1 74, and merges with the outersur- 
face 146 of the first rim 144. The second and third sur- 
faces 182 and 84 of the flange 178 form a part of the 
inner major side surface 1 40 of the lower plate 1 20. 
[0046] A porous coating 190 (Fig. 4) is located in the 
recess 148 in the inner major side surface 140 of the 
lower plate 1 20. The coating 1 90 is fonned on the third 
surface 142 and is circumscribed by, or lies inward of, 
the first rim 144. The coating 190 covers the entire ex- 
tent of the third surface 142. The coating 190 comprises 
a layer of small spherical particles or beads 192. 
[0047] The beads 192 are made from the same ma- 
terial as the beads 92 of the coating 90. The beads 1 92 
are preferably adhered to the lower plate 120 by diffu- 
sion bonding. The beads 192 can, alternatively, be ap- 
plied to the lower plate 120 by any other suitable tech- 
nique. 

[0048] The coating 1 90 of beads 1 92 is firmly adhered 
to the lower plate 120 and is incapable of removal by 
normal abrasions. As described below, the coating 190 

in combination with a primary adhesive interlocks with 
the material of the elastomeric core 200 to provide a 
strong bond between the lower plate 120 and the elas- 
tomeric core 1 6. The coating 1 90 of beads 1 92 does not 
project axially outward of the first rim 144. 
[0049] A similar porous coating 1 94 (Figs. 3 and 4) is 
located in the recess 60 in the outer major side surface 
150 of the lower plate 120. The coating 194 is formed 
on the fourth surface 1 52 and is circumscribed by, or lies 
inward of, the second rim 154. The coating 194 covers 
the entire extent of the fourth surface 1 52. The coating 
1 94 also covers the dome 1 62. The coating 1 94 is made 
from a plurality of beads 196 which are the same as, 
and are applied in the same manner as, the beads 1 92 
on the third surface 142. 

[0050] The coating 1 94 on the fourth surface 1 52, as 
described below, provides for ingrowth of bony tissue 
when the disc 1 0 is implanted in the spine 1 6. The layer 
1 90 of beads 1 96 is thicker than the depth of the recess 
1 60. Thus, the beads 1 96 of the coating 1 94 project ax- 
ially outward past the second rim 154. This is in contrast 
to the coating 190, which does not project axially out- 
ward past the first rim 144. 



[0051] The elastomeric core 200 is prefereably made 
of a polyolefin rubber or carbon black reinformed poly- 
olefin rubber. The hardness of the elastomeric core is 
56-72 shore A durometer. The ultimate tensile strength 
5 of the core is greater than 1 1 ,031 .6 kPa (1 600 psi) . The 
core has an ultimate elongation greater than 300% us- 
ing the ASTM D41 2-87 testing method, and a tear re- 
sistance greater than 689.5 kPa (100 psi) using the 
ASTM D624-86 testing method. Although the elasto- 
10 meric core 200 is disclosed as being made of a polyole- 
fin rubber, it can be made of any elastomeric material 
that simulates the characterisitcs of a natural disc. 
[0052] To construct the spinal disc 10, the plates 20 
and 1 20, with the coatings 90, 94, 1 90 and 1 94 In place, 
15 are cleaned in a methyl ethyl ketone or similar reagent 
bath for approximiately 25 minutes. The plates 20 and 
120 are etched, for example with a nitric hydrofluoric 
acide solution, to remove any oxide coating from the 
plates. Thereafter, the plates 20 and 120 are rinsed in 
20 distilled water, and a primer is applied to the plates that 
will be bonded to the core 200. The primer is applied 
within about 2 hours of the etch, and at a nominal thick- 
ness of 8.89x1 0-^mm (0.35 mils). After the primer has 
dried for not less than 60 minutes an adhesive is applied 
25 at a nominal thickness of 1 .65x1 0'^mm (0.65 mils). 
The plates 20 and 120 are then placed in a mold and 
elastomehc material of the core 200 is flowed into the 
mold and adhered to the plates. The elastomeric mate- 
rial of the core 200 is then cured to form the completed 
30 disc 10. 

[0053] The elastomeric core 200, as thus formed, is 
affixed to the inner major side surface 40 of the upper 
plate 20. The core 200 has a planar upper surface 202 
(Figs. 2, 4 and 6) which is affixed to and overlies the first 
35 surface 42 of the upper plate 20. A portion 204 of the 
material of the core 200 extends into and interlocks with 
the first surface 42 of the upper plate 20, as well as with 
the porous coating 90 on the first surface. The first sur- 
face 42 of the upper plate 20 is bonded to the upper 
40 surface 202 of the elastomeric core 200 and to the 
beads throughout the entire extent of the first surface. 
[0054] Another portion 206 (Fig. 6) of the material of 
the core 200 extends over and is adhered to the first rim 
44 on the upper plate 20. Another portion 208 of the ma- 
45 terial of the core 200 extends over and Is adhered to the 
planarthird surface 84 of theflange 78 of the upper plate 
20. Yet another portion 210 of the material of the core 
200 extends over and is adhered to the curved second 
surface 82 of the flange 78 of the upper plate 20. The 
50 material portion 21 0 which overlies the second surface 
82 of the flange 78 tapers to a zero thickness, as it ap- 
proaches the first surface 80 of the flange. 
[0055] The material of the core 200, as thus formed, 
is also affixed to the inner side surface 1 40 of the lower 
55 plate 120. A portion of the material of the core 200 ex- 
tends into and interlocks with the third surface 142 of 
the lower plate 120, as well as with the porous coating 
1 90 on the third surface. The core 200 has a planar low- 
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er surface 212 (Fig. 4) which is affixed to the third sur- 
face 142 of the lower plate 120. The lower surface 212 
of the core 200 is parallel to the upper surface 202 of 
the core. The third surface 1 42 of the lower plate 1 20 is 
bonded to the lower surface 21 2 of the elastom eric core 
200 throughout the entire extent of the third surface. 
[0056] A portion 216 (Fig. 4) of the material of the core 
200 extends over and is adhered to the first rinn 144 on 
the lower plate 1 20. Another portion 21 8 of the nnaterial 
of the core 200 extends over and is adhered to the pla- 
nar third surface 1 84 of the flange 1 78 of the lower plate 
1 20, Yet another portion 220 of the material of the core 
200 extends over and is adhered to the curved second 
surface 1 82 of the flange 1 78 of the lower plate 1 20. The 
material portion 220 which overlies the second surface 
182 of the flange 178 tapers to a zero thickness, as it 
approaches the first surface 1 80 of the flange. 
[0057] The core 200 has an exposed outer side sur- 
face 230 (Figs. 2, 4 and 6) which extends between the 
upper and lower plates 20 and 1 20. The outer side sur- 
face 230 of the core 200 includes a first surface portion 
232 (Figs. 4 and 6) extending substantially perpendicu- 
lar to the first surface 42 of the upper plate 20. The first 
surface portion 232 is located outward of the flange 78 
of the upper plate 20. 

[0058] A convex second portion 234 of the outer side 
surface 230 of the core 200 extends from the first sur- 
face portion 232, in a direction toward the lower plate 
120. A concave third portion 236 of the outer side sur- 
face 230 of the core 200 extends from the second sur- 
face portion 234, in a direction toward the lower plate 
120. 

[0059] The outer side surface 230 of the core 200 in- 
cludes a fourth surface portion 238 extending from the 
third surface portion 236, in a direction substantially per- 
pendicular to the first surface 42 of the upper plate 20 
and parallel to the axis 28 of the disc 10. The fourth sur- 
face portion 238 is disposed axially at a location be- 
tween the upper plate 20 and the lower plate 120. The 
fourth surface portion 238 is disposed inward of the out- 
er periphery of the plate flanges 78 and 1 78, but outward 
of the first rims 44 and 144 of the plates. 
[0060] The fourth surface portion 238 merges with a 
concave fifth surface portion 240 which is a mirror image 
of the third surface portion 236, The fifth surface portion 
240 merges with a convex sixth surface portion 242 
which is a mirror image of the second surface portion 
234. 

[0061] The sixth surface portion 242 merges with a 
seventh surface portion 244 which is a mirror image of 
the first surface portion 232. The seventh surface por- 
tion 244 is located outward of the flange 178 of the lower 
plate 120. 

[0062] The central portion of the core 200, i.e, the por- 
tion of the core 200 located between the surface 42 and 
the surface 142, is of substantially uniform thickness. 
Because the central portion ofthe core 200 is of uniform 
thickness and the plates 20 and 1 20 are wedge-shaped, 



the overall configuration ofthe disc 1 0 is wedge-shaped. 
The disc 10 is thicker in the anterior portion 22 of the 
disc and is thinner in the posterior portion 24 of the disc, 
[0063] When the disc 1 0 is in use in the spinal column 

5 1 6, the upper plate 20 is affixed to the upper vertebra 
12. The dome 62 on the upper plate 20 is fitted Into a 
corresponding recess or cavity (not shown) formed in 
the upper vertebra 12. The engagement of the dome 62 
of the upper plate 20 in the cavity in the upper vertebra 

10 12 resists relative movement between the upper plate 
and the upper vertebra. 

[0064] The porous coating 94 on the second surface 
52 of the upper plate 20 promotes bone ingrowth be- 
tween the upper vertebra 12 and the upper plate 20. The 

15 second surface 52 (Fig. 6) ofthe upper plate 20 engages 
the bony material ofthe upper vertebra 12. Interlocking 
engagement between the upper plate 20 and the bony 
material ofthe upper vertebra 12 is enhanced by the fact 
that the beads 96 of the coating 94 project axially out- 

20 ward past the second rim 54. 

[0065] The lower plate 1 20 is affixed to the lower ver- 
tebra 1 4. The dome 1 62 on the lower plate 1 20 is fitted 
into a corresponding recess or cavity (not shown) 
formed in the lower vertebra 1 4. The engagement of the 

25 dome 1 62 ofthe lower plate 1 20 in the cavity in the lower 
vertebra 1 4 resists relative movement between the low- 
er plate and the lower vertebra. 
[0066] The porous coating 1 94 on the fourth surface 
152 promotes bone ingrowth between the lower verte- 

30 bra 1 4 and the lower plate 1 20. The fourth surface 1 52 
of the lower plate 1 20 engages the material of the lower 
vertebra 14. Interlocking engagement between the low- 
er plate 1 20 and the bony material of the lower vertebra 
14 is enhanced by the fact that the beads 196 of the 

35 coating 1 94 project axially outward past the second rim 
154, 

[0067] The maximum stresses under load acting on 
the spinal disc 1 0 are reduced as compared to the max- 
imum stresses acting on the spinal disc of U.S. Patent 

40 No. 5,534,030 under an identical load. For example, fi- 
nite element analysis has shown an 8.2% decrease in 
shear stresses in the spinal disc 1 0 as compared to the 
disc of U.S. patent No. 5,534,030. Thus, the disc 1 0 has 
less tendency for the plates 20 and 1 20 and the elasto- 

^5 meric core 200 to separate. The maximum principal 
stress in the disc 1 0 is reduced by about 1 0.25% as com- 
pared to the known prior art disc shown in U.S. Patent 
No. 5,543,030. This reduction in stress also reduces the 
tendency of the plates to separate from the elastomeric 

50 core as compared to the disc of U.S, Patent 5,543,030. 
Further, the disc 10 has an increased resistence to an- 
terior-posterior displacement between the upper plate 
and the lower plate as compared to the disc of U.S. Pat- 
ent 5,543,030. 

55 Specifically, the disc 1 0 of the present invention, has a 
maximum anterior to posterior displacement of the 
plates of 20% less than the displacmenet of the plates 
of the disc of U.S. Patent 5,543,030. This reduction in 
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(20) and a rim (154) extends about the outer surface 
(150) of the lower plate (120). 

9. The prosthesis of claim 2, wherein a rim (44) ex- 
5 tends aboutthe inner surface (40) of the upper plate 

(20) and a rim (144) extends aboutthe inner surface 
(140) of the lower plate (120). 

10. The prosthesis of claim 9, wherein each rim (44), 
10 (144) is generally semi-cylindrical in shape. 

11. The prosthesis of claim 9, wherein the rim (44) co- 
operates with the inner surface (40) of the upper 
plate (20) to define a cavity (48) having a planar first 

15 surface (42) and the rim (1 44) cooperates with the 
innersurface (140) of the lower plate (120) to define 
acavity (148) having a planarsecond surface (142). 

12. The prosthesis of claim 8, wherein the rim (54) co- 
20 operates with the outer surface (50) of upper plate 

(20) to define acavity (60) having a planar third sur- 
face (52) and the rim (1 54) cooperates with the out- 
er surface (150) of lower plate (40) to define acavity 
(160) having a planar fourth surface (152). 

25 

13. The prosthesis of claim 1 wherein said upper (20) 
and lower (120) plates and said elastomeric core 
(200) each have a perimeter (30) defined by a flat 
portion (32) and a curved portion (34) which inner- 

30 connects opposite ends (36), (38) of said flat portion 
(32). 



anterior-posterior displacement minimizes the possibil- 
ity of disc contact with the spinal cord which could cause 
instability of the spinal cord. 



Claims 

1. A spinal disc prosthesis for replacing a damaged 
spinal disc in a spinal column of a human, the pros- 
thesis comprising 

an elastomeric core (200) having upper (202) 
and lower (212) surfaces positioned to lie generally 
parallel to one another, 

an upper plate (20) permanently coupled to 
the upper surface (202) of the core (200), the upper 
plate (20) having an outer surface (50) inclined rel- 
ative to the upper surface (202) of the core (200); 
and 

a lower plate (120) permanently coupled to 
the lower surface (212) of the core (200), the lower 
plate (120) having an outer surface (150) inclined 
relative to the lower surface (212) of the core (200). 

2. The prosthesis of claim 1 , wherein the upper plate 
(20) has an inner surface (40) which permanently 
couples the upper plate to the upper surface of the 
core (200), and the lower plate (120) has an inner 
surface (1 40) which permanently couples the lower 
plate to the lower surface (212) of the core. 

3. The prosthesis of claim 1 , wherein the core (200) 
has anterior and posterior portions and the outer 
surface (50) of the upper plate (20) and the outer 
surface (1 50) of the lower plate (1 20) diverge from 
the posterior portion to the anterior portion. 

4. The prosthesis of claim 1 , wherein the outer surface 
(50) of the upper plate (20) is inclined relative to the 
upper surface (202) of the core (200) by about 1 .5 
to about 7.5 degrees. 

5. The prosthesis of claim 1 , wherein the outer surface 
(50) of the upper plate (20) is inclined relative to the 
upper surface (20) of the core (200) by about 2.5 to 
about 5 degrees. 

6. The prosthesis of claim 1 , wherein the outer surface 
(150) of the lower plate (120) is inclined relative to 
the lower surface (212) of the core (200) by about 

1 .5 to about 7.5 degrees. 

7. The prosthesis of claim 1 , wherein the outer surface 
(150) of the lower plate (120) is inclined relative to 
the lower surface (212) of the core (200) by about 

2.5 to about 5 degrees. 

8. The prosthesis of claim 1, wherein a rim (54) ex- 
tends about the outer surface (50) of the upper plate 



1 4. The prosthesis of claim 1 1 wherein each one of said 
first (42) and second (142) planar surfaces has a 

35 material (90, 1 90) on its entire extent for facilitating 

bonding of said first (42) and second (142) planar 
surfaces to said elastomeric core (200). 

1 5. The prosthesis of claim 1 4 wherein the area of said 
40 first (42) and second (142) planar surfaces is more 

than 65% of the area of respective inner surfaces 
(40), (140) of said upper (20) and lower (120) plates. 

16. The prosthesis of claim 11 wherein said first (42) 
45 and second (142) planar surfaces are bonded to 

said elastomeric core (200) throughout the entire 
extent of said first (42) and second (142) surfaces. 

17. The prosthesis of claim 12 wherein said third (52) 
50 and fourth (1 52) planar surfaces each have an area 

greater than the area of said first (42) and second 
(142) surfaces. 

18. The prosthesis of claims 11 and 12 wherein each 
55 one of said third (52) and fourth (152) planar sur- 
faces has a material (94, 194) on its entire extent 
for facilitating bonding of said third (52) and fourth 
(152) planar surfaces to the spinal column. 
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5. Prothese nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die auBere Oberflache (50) der 
oberen Platte (20) bezuglich deroberen Oberflache 
(20) des Kerns (200) urn ungefahr2.5 bis ungefahr 

5 5 ° geneigt ist. 

6. Prothese nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass die auBere Oberflache (150) der 
unteren Platte (120) bezuglich der unteren Oberfla- 

10 Che (21 2) des Kerns (200) urn ungefahr 1 .5 bis un- 
gefahr 7.5 geneigt ist. 

7. Prothese nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass die auBere Oberflache (150) der 

15 unteren Platte (1 20) bezuglich der unteren Oberfla- 
che (212) des Kerns (200) um ungefahr 2.5 bis un- 
gefahr 5 ° geneigt ist. 

8. Prothese nach Anspruch 1, dadurch gekenn- 
20 zeichnet, dass sich ein Rand (54) um die au3ere 

Oberflache (50) deroberen Platte (20) erstrecktund 
dass sich ein Rand (1 54) um die auf3ere Oberflache 
(150) der unteren Platte (120) erstreckt. 



19. The prosthesis of clainn 18, wherein said material is 
a bone ingrowth material. 

20. The prosthesis of claims 1 4 and 1 8 wherein said rim 
(44) projects past said material (90) on said first pla- 
nar surface (42) and said material (94) on said third 
planar surface (52) projects past said second rim 
(54). 

21. The prosthesis of claim 18 wherein said disc has 
anterior and posterior portions, said first (42) and 
third (52) planar surfaces diverging as they extend 
from the posterior portion of said disc to the anterior 
portion of said disc. 



Patentanspriiche 

1. Bandscheibenprothese zum Ersetzen einer be- 
schadigten Bandscheibe in einer Wirbelsaule eines 

Menschen, wobei die Prothese umfasst 
einen elastomeren Kern (200) mit einer oberen 
(202) und einer unteren (212) Oberflache, die so 
angeordnet sind, dass sie im wesentlichen parallel 
zueinander liegen, 

eine obere Platte (20), die dauerhaft mit der oberen 
Oberflache (202) des Kerns (200) verbunden ist, 
wobei die obere Platte (20) eine aufSere Oberflache 
(50) aufweist, die bezuglich der oberen Oberflache 
(202) des Kerns geneigt ist; und 
eine untere Platte (120), die dauerhaft mit der un- 
teren Oberflache (212) des Kerns (200) verbunden 
ist, wobei die untere Platte (120) eine auBere Ober- 
flache (150) aufweist, die bezuglich der unteren 
Oberflache (212) des Kerns (200) geneigt ist. 

2. Prothese nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die obere Platte (20) eine innere 
Oberflache (40) aufweist, die die obere Platte dau- 
erhaft an die obere Oberflache des Kerns (200) bin- 
det, und dass die untere Platte (120) eine innere 
Oberflache (140) aufweist, die die untere Platte 
dauerhaft an die untere Oberflache (212) des Kerns 
bindet. 

3. Prothese nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass der Kern (200) einen vorderen und 
einen hinteren Abschnitt aufweist und dass die au- 
fSere Oberflache (50) der oberen Platte (20) und die 
auRere Oberflache (150) der unteren Platte (120) 
von dem vorderen Abschnitt zu dem hinteren Ab- 
schnitt divergieren. 

4. Prothese nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass die au3ere Oberflache (50) der 
oberen Platte (20) bezuglich deroberen Oberflache 
(202) des Kerns (200) um ungefahr 1 .5 bis ungefahr 
7.5 ° geneigt ist. 



25 9. Prothese nach Anspruch 2, dadurch gekenn- 
zeichnet, dass sich ein Rand (44) um die innere 
Oberflache (40) der unteren Platte (20) erstreckt 
und dass sich ein Rand (144) um die innere Ober- 
flache (140) der unteren Platte (120) erstreckt. 

30 

10. Prothese nach Anspruch 9, dadurch gekenn- 
zeichnet, dass jeder Rand (44), (144) eine im we- 
sentlichen halbzylindrische Form aufweist. 

35 11. Prothese nach Anspruch 9, dadurch gekenn- 
zeichnet, dass der Rand (44) mit der inneren Ober- 
flache (40) der oberen Platte (20) zusammenwirkt, 
um einen Hohlraum (48) mit einer ebenen ersten 
Oberflache (42) festzulegen, und dass der Rand 

40 (1 44) mit der inneren Oberflache (1 40) der unteren 
Platte (120) zusammenwirkt, um einen Hohlraum 
(148) mit einer ebenen zweiten Oberflache (142) 
festzulegen. 

45 12. Prothese nach Anspruch 8, dadurch gekenn- 
zeichnet, dass der Rand (54) mit der auBeren 
Oberflache (50) der oberen Platte (20) zusammen- 
wirkt, um einen Hohlraum (60) mit einer ebenen drit- 
ten Oberflache (52) festzulegen , und dass der Rand 

50 (154) mit der au3eren Oberflache (150) der unteren 
Platte (40) zusammenwirkt, um einen Hohlraum 
(160) mit einer ebenen vierten Oberflache (152) 
festzulegen. 

55 13. Prothese nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die obere (20) und die untere (120) 
Platte und der elastomere Kern (200) jeweils einen 
Umfang (30) aufweisen, der durch einen ebenen 
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Abschnitt (32) und einen gekrummten Abschnitt Rt 
(34), der gegeniiberliegende Enden (36), (38) des 
ebenen Abschnitts (32) miteinander verbindet, fest- 1 . 
gelegt ist. 

5 

14. Prothese nach Anspruch 11, dadurch gekenn- 
zeichnet, dass jede der ersten (42) und zweiten 
(142) ebenen Oberflache ein Material (90, 190) auf 
ihrer gesannten Ausdehnung aufweist, unn ein Ver- 
binden der ersten (42) und zweiten (142) ebenen io 
Oberflache mit dem elastonneren Kern (200) zu er- 
leichtern. 

15. Prothese nach Anspruch 14, dadurch gekenn- 
zeichnet, dass die Flache der ersten (42) undzwei- is 
ten (1 42) ebenen Oberflache groBer ist als 65 % der 
Flache der entsprechenden inneren Oberflachen 
(40), (140) deroberen (20) und unteren (120) Plat- 
te. 

20 

16. Prothese nach Anspruch 11, dadurch gekenn- 2. 
zeichnet, dass die erste (42) und zweite (1 42) ebe- 

ne Oberflache nnit dem elastomeren Kern (200) 
uber die gesannte Ausdehnung der ersten (42) und 
zweiten (142) Oberflache verbunden sind. 25 

17. Prothese nach Anspruch 12, dadurch gekenn- 
zeichnet, dass die dritte (52) und vierte (152) ebe- 
ne Oberflache Jewells eine Flache aufweisen, die 
grower ist als die Flache der ersten (42) und zweiten 30 3. 
(142) Oberflache. 

18. Prothese nach den Anspruchen 11 und 12, da- 
durch gekennzeichnet, dass jede der dritten (52) 
und vierten (152) ebenen Oberflache ein Material 35 

auf ihrer gesannten Ausdehnung aufweist, unn ein 
Verbinden der dritten (52) und vierten (1 52) ebenen 4. 
Oberflache mit der Wirbelsaule zu erieichtern. 

19. Prothese nach Anspruch 18, dadurch gekenn- 40 
zeichnet, dass das Material ein Knochenver- 
wachsmaterial ist. 

5. 

20. Prothese nach den Anspruchen 14 und 18, da- 
durch gekennzeichnet, dass der Rand (44) an 45 
dem Material (90) auf der ersten ebenen Oberfla- 
che (42) vorbei vorsteht und dass das Material (94) 

auf der dritten ebenen Oberflache (52) an dem 6. 
zweitem Rand (54) vorbei vorsteht. 

50 

21. Prothese nach Anspruch 18, dadurch gekenn- 
zeichnet, dass die Scheibe einen vorderen und ei- 
nen hinteren Abschnitt aufweist, wobei die erste 

(42) und dritte (52) ebene Oberflache divergieren, 7. 
wahrend sie sich von dem vorderen Abschnitt der 55 
Scheibe zu dem hinteren Abschnitt der Scheibe er- 
strecken. 



Prothese de vertebre destinee a remplacer une ver- 
tebre endommagee dans une colonne vertebrale 
d'un humain, la prothese comprenant 

un noyau en elastomere (200) comprenant 
des surfaces superieure (202) et inferieure (212) 
positionnees pour reposer globalement parallele- 
ment I'une par rapport a I'autre, 

une plaque superieure (20) couplee en per- 
manence a la surface superieure (202) du noyau 
(200), la plaque superieure (20) ayant une surface 
exterieure (50) inclinee par rapport a la surface su- 
perieure (202) du noyau (200) ; et 

une plaque inferieure (120) couplee en per- 
manence a la surface inferieure (212) du noyau 
(200), la plaque inferieure (120) ayant une surface 
exterieure (1 50) inclinee par rapport a la surface in- 
ferieure (212) du noyau (200). 

Prothese selon la revendication 1 , dans laquelle la 
plaque superieure (20) comprend une surface inte- 
rieure (40) qui accouple en permanence la plaque 
superieure a la surface superieure du noyau (200) 
et la plaque inferieure (120) comprend une surface 
interieure (1 40) qui accouple en permanence la pla- 
que inferieure a la surface inferieure (212) du 
noyau. 

Prothese selon la revendication 1 , dans laquelle le 
noyau (200) comprend des parties anterieures et 
posterieures et la surface exterieure (50) de la pla- 
que superieure (20) et la surface exterieure (150) 
de la plaque inferieure (120) s'ecartent de la partie 
posterieure vers la partie anterieure. 

Prothese selon la revendication 1 , dans laquelle la 
surface exterieure (50) de la plaque superieure (20) 
est inclinee par rapport a la surface superieure 
(202) du noyau (200) d'environ 1 ,5 a environ 7,5 de- 
gres. 

Prothese selon la revendication 1 , dans laquelle la 

surtace exterieure (50) de la plaque superieure (20) 
est inclinee par rapport a la surface superieure (20) 
du noyau (200) d'environ 2,5 a environ 5 degres. 

Prothese selon la revendication 1 , dans laquelle la 
surface exterieure (150) de la plaque inferieure 
(1 20) est inclinee par rapport a la surface inferieure 
(21 2) du noyau (200) d'environ 1 ,5 a environ 7,5 de- 
gres. 

Prothese selon la revendication 1 , dans laquelle la 
surface exterieure (150) de la plaque inferieure 
(120) est inclinee par rapport a la surface inferieure 
(212) du noyau (200) d'environ 2,5 a environ 5 de- 
gres. 
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8. Prothese selon la revendication 1 , dans laquelle un 
bord (54) s'etend autour de la surface exterieure 
(50) de la plaque superieure (20) et un bord (154) 
s'etend autour de la surface exterieure (150) de la 
plaque inferieure (120). 

9. Prothese selon la revendication 2, dans laquelle un 
bord (44) s'etend autour de la surface interieure (40) 
de la plaque superieure (20) et un bord (144) 
s'etend autour de la surface interieure (140) de la 
plaque inferieure (120). 

10. Prothese selon la revendication 9, dans laquelle 
chaque bord (44, 144) est de forme globalennent 
senni-cylindrique. 

11. Prothese selon la revendication 9, dans laquelle le 
bord (44) coopere avec la surface interieure (40) de 
la plaque superieure (20) pour definir une cavite 
(48) ayant une prenniere surface planaire (42) et le 
bord (1 44) coopere avec la surface interieure (1 40) 
de la plaque inferieure (120) pour definir une cavite 
(148) ayant une deuxieme surface planaire (142). 

12. Prothese selon la revendication 8, dans laquelle le 
bord (54) coopere avec la surface exterieure (50) 
de la plaque superieure (20) pour definir une cavite 
(60) ayant une troisieme surface planaire (52) et le 
bord (1 54) coopere avec la surface exterieure (1 50) 
de la plaque inferieure (40) pour definir une cavite 
(160) ayant une quatrienne surface planaire (152). 

13. Prothese selon la revendication 1, dans laquelle 
lesdites plaques superieure (20) et inferieure (120) 
et ledit noyau elastomere (200) presentent chacun 
un perinnetre (30) defini par une partie plate (32) et 
une partie courbee (34) qui relie entre elles des ex- 
tremites opposees (36), (38) de ladite partie plate 
(32). 

14. Prothese selon la revendication 11 dans laquelle 
chacune desdites prenniere (42) et deuxieme (142) 
surfaces planaires comprend un materiau (90, 1 90) 
sur son etendue entiere pour faciliter la soudure 
desdites premiere (42) et deuxieme (142) surfaces 
planaires audit noyau elastomere (200). 

15. Prothese selon la revendication 14, dans laquelle 

la zone desdites premiere (42) et deuxieme (142) 
surfaces planaires est superieure a 65% de la zone 
des surfaces interieures respectives (40), (140) 
desdites plaques superieure (20) et Inferieure 
(120). 

16. Prothese selon la revendication 11, dans laquelle 
lesdites premiere (42) et deuxieme (142) surfaces 
planaires sont soudees audit noyau elastomere 
(200) sur I'etendue entiere desdites premiere (42) 



et deuxieme (142) surfaces. 

17. Prothese selon la revendication 12 dans laquelle 
lesdites troisieme (52) et quatrieme (152) surfaces 

5 planaires presentent chacune une zone superieure 
a la zone desdites premiere (42) et deuxieme (1 42) 
surfaces. 

18. Prothese selon les revendications 11 et 12, dans 
10 laquelle chacune desdites troisieme (52) et quatrie- 
me (1 52) surfaces planaires comprend un materiau 
(94, 194) sur son etendue entiere pour faciliter la 
soudure desdites troisieme (52) et quatrieme (152) 
surfaces planaires a la colonne vertebrale. 

15 

19. Prothese selon la revendication 18, dans laquelle 
ledit materiau est un materiau a penetration osseu- 
se. 

20. Prothese selon les revendications 14 et 18, dans 
laquelle ledit bord (44) fait saillie devant ledit mate- 
riau (90) sur ladite premiere surface planaire (42) 
et ledit materiau (94) sur ladite troisieme surface 
planaire (52) fait saillie devant ledit second bord 
(54). 

21 . Prothese selon la revendication 1 8 dans laquelle le- 
dit disque comprend des parties anterieures et pos- 
terieures, lesdites premiere (42) et troisieme (52) 
surfaces planaires s'ecartant a mesure qu'elles 
s'etendent depuis la partie posterieure dudit disque 
vers la partie anterieure dudit disque. 
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Abstract of BP 11 04665 (A1 ) 
The cage consists of a disc-shaped spacer (1) with 
two opposite faces (2, 3) linl<ed by a side wall (13) 
and a rotary anchor plate (4) connected to the 
spacer by a spindle (20) passing through an 
aperture (21) in the spacer wall. The spindle is fixed 
in place relative to the spacer wall by a lock (26) 
formed by a splayed spindle end (22) which also 
holds the plate against the spacer's side wall. A slot 
(31) in the face of the plate allows insertion of an 
instrument to rotate it. 
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(54) Cage intervertebrale 

(57) La presente invention concerne ies cages in- 
tervertebrales. 

La cage selon I'inventton se caracterise essentiel- 
lement par ie fait qu'elie comporte une entretoise 1 en 
forme de disque comprenant deux faces de base 2, 3 
opposees sensiblennent planes et paralleles et une pa- 
roi iaterale 1 3, une patte 4, et des moyens 5 pour monter 
cette patte 4 en rotation par rapport a I'entretoise 1 
autour d'un axe 6 sensiblennent parallele au plan des 
faces de base, la distance separant au moins une pre- 
miere extremite 7, 8 de la patte 4 et I'axe de rotation 6 
etant superieure a la distance separant au moins i'une 
des deux faces de base 2, 3 et cet axe de rotation. 

Application: notammentcommecage intervertebra- 
le pour Ie traitement du rachls degeneratif. 
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Description 

[0001] La presente invention concerne les cages in- 
tervertebrales trouvant una application particulierement 
avantageuse. mais non exclusivement, pour le traite- 5 

ment du rachis degeneratif. 

[0002] Una cage intervertebrale, notannnnent pour le 
traitement du rachis degeneratif, est deja connue. Elle 
comporte essentiellement une entretoise en fornne de 
disque comprenant deux faces de base opposees sen- 
siblennent planes et paralleles et une paroi laterale re- 
liant les deux faces de base. Cette entretoise est apte 
a etre disposee entre les faces en regard des deux corps 
vertebraux, respectivementdedeuxvertebresconsecu- 
ttves, en remplacement du disque endonnmagesitue en- 
tre ces deux vertebres, les deux faces de base de I'en- 
tretoise etant placees au contact des corps vertebraux. 
L'entretoise connporte en outre une cavite ouverte dans 
laquelle il est possible de placer un greffon osseux ou 
analogue dans ie but de souder entre eux les deux corps 
vertebraux par osteosynthese. 
[0003] Bien quecette realisation donnegeneralennent 
de bons resultats, elle peut, dans des circonstances tres 
exceptionnelles, ne pas permettre a la cage interverte- 
brale de rennplir le role pour lequel elle etait prevue. 
[0004] En effet, dans les premiers temps suivant 11m- 
plantatton de la cage, on constate que, lors de certains 
mouvements de relativement grande amplitude de la 
colonne vertebrale, par exemple quand la tete se pen- 
che tres en arriere, il peut se creer un espace non ne- 
gligeable entre les faces de base de l'entretoise et les 
vertebres. par lequel le greffon ou une partie de celui-ci 
peut s'echapper de la cavite dans laquelle il etait place. 
SI c'est le cas, le greffon ne peut plus alors jouer cor- 
rectement son role et une nouvelle intervention chirur- 
gicale est necessaire. 

[0005] Pour tenter de pallier les inconvenlents men- 
tionnes ci-dessus, il a ete congu des cages comportant 
une patte d'ancrage pivotant sur une face de l'entretoi- 
se, une telle cage est par exemple decrite dans le US- 
A-5 683 394. Cette realisation donne theorlquement de 
bons resultats mais presente parfois des insuffisances 
notamment quant au maitien de la patte d'ancrage dans 
sa position de blocage de l'entretoise. 
[0006] Aussi la presente invention a-t-elle pour but de 
realiser une cage intervertebrale qui pallie les inconve- 
nients mentionnes ci-dessus de la cage intervertelirale 
decrite schematiquement dans ce preambule, et dont la 
structure permet en plus un tres bon ancrage de la cage 
dans les vertebres entre lesquelles elle doit etre implan- 
tee. 

[0007] Plus preclsement, la presente invention a pour 
objet une cage intervertebrale, notamment pour le trai- 
tement du racliis degeneratif, comprenant: 

une entretoise en forme de disque comportant deux 
faces de base opposees sensiblement planes et 
paralleles et une paroi laterale reliant les deux faces 



de base, 

au moins une patte, 

des moyens pour monter la patte en rotation par 
rapport a l'entretoise autour d'un axe sensiblement 
parallele au plan des faces de base, la distance se- 
parant au moins une premiere extremite de la patte 
et I'axe de rotation etant superieure a la distance 
separant au moins I'une des deux faces de base et 
ledit axe de rotation, et 

des moyens pour bloquer la patte quand elle est 
amenee dans une position sensiblement ortliogo- 
nale au plan des faces de base, 

caracterisee par le fait que les moyens pour bloquer la 
patte en rotation quand elle est amenee dans une posi- 
tion sensiblement orthogonale au plan des faces de ba- 
se comportent au moins une rainure realisee dans la 
paroi laterale de l'entretoise et debouchant sur les deux 
faces de base, la rainure etant realisee dans la paroi 
laterale de l'entretoise de fagon a recevoir la patte 
quand cette derniere est sensiblement orthogonale au 
plan des faces de base, la largeur de la rainure etant 
sensiblement egale a la largeur de la patte. 
[0008] D'autres caracteristiques et avantages de la 
presente invention apparaitront au cours de la descrip- 
tion suivante donnee en regard des dessins annexes a 
titre illustratif, mais nullement limitatif, dans lesquels: 
[0009] Les figures 1 a 3 representent un mode de rea- 
lisation d'une cage intervertebrale selon I'invention, les 
figures 1 et 2 representant deux coupes orthogonales, 
la coupe selon la figure 1 etant referencee 1-1 sur la fi- 
gure 2, la coupe selon la figure 2 etant referencee 11-11 
sur la figure 1 , la figure 3 representant une vue de face 
selon lafleche 111 sur les figures 1 et2, et 
[0010] Lafigure4 represente, en vue decote, une ca- 
ge intervertebrale selon les figures 1 a3 implantee entre 
deux vertebres. 

[001 1] Le Demandeur tient a preciser que ces figures 
ne representent qu'un exemple de mode de realisation 
de I'objet selon I'invention, mais qu'il peut exister 
d'autres modes de realisation qui repondent a la defini- 
tion de cette invention, notamment celle donnee dans 
la premiere revendication. 

[0012] II precise en outre que, lorsque, selon la defi- 
nition de I'invention son objet comporte "au moins un" 
element ayant une fonction donnee, le mode de reali- 
sation decrit peut comporter plusieurs de ces elements. 
[0013] II precise aussi que, si le mode de realisation 
de I'objet selon I'invention tel qu'illustre comporte plu- 
sieurs elements de fonction identique et que si, dans la 
description, il n'est pas specifie que I'objet selon cette 
invention doit obligatoirement comporter un nombre 
particulier de ces elements, I'objet de I'invention pourra 
etre def ini comme comportant "au moins un" de ces ele- 
ments. 

[001 4] Les figures representant un seul mode de rea- 
lisation d'une cage intervertebrale selon I'invention, les 
memes references y designent les memes moyens. 
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quelle que soit la forme sous laquelle lis sont represen- 
tes. 

[0015] La cage intervertebrale representee sur les fi- 
gures 1 a 3 comporte une entretoise 1 en forme de dis- 
que comprenant deux faces de base 2, 3 opposees sen- 
siblement planes et paralleles et une paroi laterale 13 
reliant ces deux faces de base, une patte 4 et des 
moyens 5 pour montercette patte en rotation par rapport 
a I'entretoise 1 autour d'un axe 6 sensiblement parallele 
aux plans des faces de base 2, 3, respectivement re- 
presentes en traits Interrompus 14, 15 sur la figure 1, la 
distance separant au molns une premiere extremite 7, 
8 de la patte 4 et I'axe de rotation 6 etant superleure a 
la distance separant au molns Tune des deux faces de 
base 2, 3 et le meme axe de rotation. 
[0016] Quant a la patte, elle est avantageusement 
conformee de fagon qu'au moins sa premiere extremite 
7, 8 solt en forme de biseau, figures 1 et 2. Cette pre- 
miere extremite 7, 8 de la patte 4 peut meme porter une 
denture 1 1 , figure 3, comme celle d'une scie ou analo- 
gue, en sachant que cette denture peut se combiner ou 
non avec la fonne en biseau. 

[0017] II est cependant avantageux que la patte soit 
conformee de fagon que les distances separant respec- 
tivement ses deux extremites 7, 8 et I'axe de rotation 6 
solent superieures aux distances separant respective- 
ment les deux faces de base 2, 3 et I'axe de rotation 6. 
Comme il sera decrit cl-apres en regard de la figure 4, 
cette caracterlstlque permettra aux deux extremites 7, 
8 de la patte 4 de penetrer respectivement dans les deux 
vertebres entre lesquelles la cage est destinee a etre 
implantee. 

[0018] II est bien precise que la forme generale de 

I'entretoise 1 est definie, pour les besoins des presen- 
tes, comme celle d'un disque a deux faces de base sen- 
siblement planes et paralleles, quelle que soit la forme 
du contour de ce disque, par exemple circulaire, rectan- 
gulaire, etc. II est egalement precise que, meme si ces 
faces de base 2, 3 ont ete definies comme etant sensi- 
blement planes, elles peuvent presenter, de meme que 
la paroi laterale 13, des formes legerement arrondies 
ou bombees, comme represents sur les figures 1 a 3. 
[0019] Dans une realisation preferentielle, la cage in- 
tervertebral comporte en outre des moyens 1 0 pour 
bloquer la patte 4, au moins en rotation, quand elle est 
amenee dans une position sensiblement orthogonale 
au plan des faces debase 2, 3. Ces moyens comportent 
avantageusement au moins une rainure 30 realisee 
dans la paroi laterale 13 de I'entretoise 1 etdebouchant 
sur les deux faces de base 2, 3. Cette rainure est reali- 
see dans la paroi laterale 1 3 de I'entretoise 1 de fagon 
que la patte 4 puisse s'encastrer dans cette rainure 
quand elle est amenee dans une position sensiblement 
orthogonale au plan des faces de base 2. 3, la largeur 
de la rainure etant sensiblement egale a la largeur de 
la patte. Cette position de la patte est representee sur 
la figure 3 en traits Interrompus references 25. 
[0020] Dans une realisation avantageuse, ces 



moyens 1 0 comportent. en plus des elements mentlon- 
nes et decrits ci-dessus, des moyens 22 pour appliquer 
une force elastique sur la patte 4 et tendre a la plaquer 
centre la paroi laterale 1 3 de I'entretoise. et done au fond 

5 de la rainure 30 quand elle est dans sa position ortho- 
gonale definie ci-dessus. Ces moyens elastiques 22 
peuvent etre de tous types, par exemple un ressort ou 
analogue dont les deux extremites cooperent respecti- 
vement avec I'entretoise 1 et la patte 4 pour les pousser 

10 ou les attirer I'une vers I'autre de fagon elastique. Un 
mode de realisation preferentiel de ces moyens Elasti- 
ques 22 sera donne ci-apres. 

[0021] Comme mentionne ci-avant, la cage Interver- 
tebrale comporte des moyens 5 pour monter la patte 4 

15 en rotation par rapport a I'entretoise 1 autour de I'axe 6. 
Dans le mode de realisation illustre, ces moyens 5 com- 
portent essentieilement un arbre de rotation 20 soiidaire 
de la patte 4. un orifice 21 realise dans I'entretoise 1 en 
etant centre sur I'axe de rotation 6, 1'arbre 20 etant mon- 

20 te en rotation dans I'orifice 21 . et des moyens 26 pour 
bloquer I'arbre en translation par rapport a I'entretoise 

1 . Ces moyens de blocage en translation 26 sont par 
exemple constitues, comme illustre sur les figures 1 et 

2, par un sertissage, dans I'orifice 21 , de I'extremite de 
25 I'arbre 20 opposee a celle qui est soiidaire de la patte 4. 

[0022] Ces moyens 5 peuvent aussi etre constitues 
par le fait que I'arbre 20 et I'orifice 21 comportent des 
filetages respectivement complementaires I'un de 
I'autre de fagon que I'arbre puisse etre visse dans cet 

30 orifice pour que la patte 4 puisse subir une rotation par 
rapport a I'entretoise d'un angle d'une amplitude pou- 
vantaller, par exemple, jusqu'a quatre-vlngt-dix degres. 
Ce mode de realisation des moyens 5 n'a pas ete spe- 
cifiquement illustre. 

35 [0023] Quand les moyens 5 pour monter la patte 4 en 
rotation par rapport a I'entretoise 1 autour de I'axe 6 ont 
la structure decrite ci-dessus et illustree, il est avanta- 
geux que les moyens 22 pour appliquer une force elas- 
tique entre la patte 4 et I'entretoise 1 , au lieu d'etre cons- 

40 tituesparun ressort de type classique, soient constitues 
par le fait que I'arbre 20 est monte dans I'orifice 21 en 
traction elastique par rapport a I'entretoise, I'elasticite 
naturelle du materiau constituant la patte 4 et/ou I'arbre 
20 realisant elle-meme la fonction de ces moyens elas- 

45 tiques 22. Cette realisation est d'autant plus possible 
que, comme decrit ci-apres, la patte 4 n'est en fait sou- 
mise qu'une seule fois a des tensions de traction pour 
i'amener dans la rainure 30. 

[0024] La cage intervertebrale 1 comporte en outre 
50 unecavite40 ouvertesurau moins I'une des deux faces 

de base 2, 3, cette cavite ouverte etant apte a contenir 
un greffon osseux 41 dont la fonction est bien connue 
en elle-meme. 

[0025] Dans une forme avantageuse comme celle il- 
55 lustree, ie disque presente une forme sensiblement pa- 
rallelepipedique rectangle. Dans ce cas, la patte 4 est 
montee rotative sur I'une 9 des deux plus petltes faces 
laterales de I'entretoise 1 , I'axe de rotation 6 etant sen- 
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siblement perpendiculaire a cette petite face laterale 9. 
Dans cette realisation, la patte 4 presente avantageu- 
sement une forme sensiblement rectangulaire. Sa lar- 
geur et sa longueur sont respectivement sensiblement 
egales a la largeur et a la longueur de la petite face la- 
terals 9 sur laquelle elle est montee en rotation. 
[0026] La cage intervertebrale decrite ci-dessus est 
destinee a remplacer un disque intervertebral endom- 
mage et s'utilise de la fagon suivante: 
[0027] Le disque endommage ayant ete enleve. la ca- 
ge est introduite entre les deux corps de vertebre 51, 
52, avec les deux faces de base 2, 3 a leur contact, le 
greffon osseux ayant ete prealablement introduit dans 
la cavite ouverte 40. 

[0028] La technique de mise en place de la cage est 
du domaine du cliirurgten. Elle est bien est connue en 
elle-meme et, comme elle n'est pas I'objet de la presen- 
te Invention, elle ne sera pas decrite let en detail. 
[0029] II est cependant precise que la mise en place 
de la cage s'effectue avec la patte 4 dans une position 
parallele aux plans des faces de base 2, 3, c'est-a-dire 
dans une position comme celle qui est illustree sur les 
figures 1 a 3 en traits continus. Apres quoi, la patte est 
pivotee autour de I'axe 6 au moyen d'un instrument qui 
peut se placer dans une fente 31 ou analogue realisee 
dans la face 32 de la patte opposee a sa face qui est 
tournee vers I'entretoise 1 , notamment vers la petite fa- 
ce 9 de la parol laterale 13. 

[0030] La rotation de la patte est effectuee jusqu'a ce 
qu'elle vienne dans la position orthogonale definie ci- 
avant, celle representee en traits interrompus 25 dans 
la vue de face sur la figure 3 et en traits pleins dans la 
vue de cote sur la figure 4. Dans cette position, la patte 
4 se lege dans la rainure 30 et y est bloquee en rotation, 
ainsi qu'en translation sous I'effet de la traction elastique 
exercee par I'arbre 20 comme mention ne ci-avant. 
[0031] La cage est ainsi parfaitement maintenue en- 
tre les deux corps de vertebre, ce qui empeclie notam- 
ment sa migration entre les deux vertebres des sa pose 
et, en outre, par sa largeur, meme dans le cas d'une 
importante amplitude de rotation de I'une des vertebres 
par rapport a I'autre comme decrit au preambule de la 
presente description, la patte 4 empeche le greffon ou 
une partie de celui-ci de s'echapper de la cavite 40. 
[0032] Lorsque la cage ne comporte qu'une seule pat- 
te 4, elle sera generalement implantee de fagon que cet- 
te patte solt situee vers I'avant de la colonne vertebrale, 
sauf par exemple dans le cas d'une implantation dans 
la region lombaire, dans lequel cas la patte pourra avan- 
tageusement etre situee vers I'arriere de la colonne ver- 
tebrale. 

[0033] II est cependant possible, dans une realisation 
avantageuse, que la cage intervertebrale comporte 
deux pattes montees en cooperation avec I'entretoise, 
par exemple en deux positions opposees sur la parol 
laterale 13 de celle-cl. 



Revendications 

1. Cage intervertebrale, notamment pour letraitement 
du rachis degeneratif, comprenant, 

5 

une entretoise (1) en forme de disque compor- 
tant deux faces de base (2, 3) opposees sen- 
siblement planes et paralleles et une parol la- 
terale (13) reliant les deux faces de base, 
10 - au moins une patte (4) 

des moyens (5) pour monter la patte (4) en ro- 
tation par rapport a I'entretoise (1) autour d'un 
axe (6) sensiblement parallele au plan des fa- 
ces de base (2, 3), la distance separant au 
15 moins une premiere extremite (7, 8) de la patte 

et I'axe de rotation (6) etant superieure a la dis- 
tance separant au moins I'une des deux faces 
de base (2, 3) et ledit axe de rotation, lesdits 
moyens (5) comportant un arbre de rotation 
20 (20) solidaire de la patte (4) et un orifice (21) 

realise dans I'entretoise (1 ) en etant centre sur 
I'axe de rotation (6), I'arbre (20) etant monte en 
rotation dans I'orifice, caracterisee par le fait 
qu'elle comporte en outre 
25 - des moyens (26) pour bloquer I'arbre (20) en 
translation par rapport a I'entretoise (1), et 
des moyens (22) pourappliquer une force elas- 
tique sur la patte (4) et tendre a la plaquer cen- 
tre la parol laterale de I'entretoise constitues 
30 par le fait que I'arbre (20) est monte en traction 

elastique dans I'orifice (21). 

2. Cage selon la revendication 1 , caracterisee par le 

fait que la premiere extremite (7, 8) de la patte (4) 
35 est conformee en biseau. 

3. Cage selon I'une des revendications 1 et 2, carac- 
terisee par le fait qu'elle comporte une fente (31) 
realisee dans la face (32) de la patte (4) qui esttour- 

40 nee vers I'entretoise (1 ). 

4. Cage selon I'une des revendications 1 et 3, carac- 
terisee par le fait qu'elle comporte des moyens (1 0) 
pour bloquer la patte (4) quand elle est amenee 

45 dans une position sensiblement orthogonale au 
plan des faces de base (2, 3). 

5. Cage selon la revendication 4, caracterisee par le 
fait que les moyens (10) pour bloquer la patte (4) 

50 quand elle est amenee dans une position sensible- 
ment orthogonale au plan des faces de base (2, 3) 
comportent au moins une rainure (30) realisee dans 
la parol laterale (13) de I'entretoise (1) et debou- 
chant sur les deux faces de base (2, 3), la rainure 
55 (30) etant realisee dans la paroi laterale de I'entre- 
toise de fagon a recevoir la patte (4) quand cette 
derniere est sensiblement orthogonale au plan des 
faces de bases (2, 3), la largeur de la rainure (30) 
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etant sensiblement egale a la largeur de la patte. 

6. Cage selon Tune des revendications 1 a 5, carac- 
terisee par le fait que la premiere extremite (7, 8) 

de la patte porte une denture (11). 5 

7. Cage selon I'une des revendications 1 a 6, carac- 
terisee par le fait que les distances separant res- 
pectivement les deux extremites (7, 8) de la patte 

(4) et I'axe de rotation (6) sont superieures aux dis- io 
tances separant respectivennent les deux faces de 
base (2, 3) et ledit axe de rotation. 

8. Cage selon I'une des revendications 1 a 7, carac- 
terisee par le fait que ladite entretoise (1 ) comporte is 
une cavite (40) ouverte sur au moins I'une des deux 
faces de base (2,3), cette cavite etant apte a con- 
tenir un greffon osseux (41). 

9. Cage selon I'une des revendications 1 a 8, carac- 20 
terisee par le fait que le disque presente une fornne 
sensiblement paralleleplpedique rectangle. 

10. Cage selon la revendication 9, caracterisee par le 

fait que la patte (4) est montee rotative sur I'une (9) 25 
des deux plus petites faces laterales de I'entretoise 
(1), I'axe de rotation (6) etant sensiblement perpen- 
diculaire a ladrte petite face laterale. 

11 . Cage selon la revendication 10, caracterisee par le 30 
fait que la largeur et la longueur de la patte (4) sont 
respectivement sensiblement egales a la largeur et 

a la longueur de la petite face laterale (9) sur laquel- 
le elle est mont6e en rotation. 

35 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a prosthetic 

spinal disc, and nnore specificaliy, to a prosthetic spinal 
disc which articulates in a manner resembling a human 
knee. 

BACKGROUND OF THE INVENTION 

[0002] Prosthetic intervertebral discs for use in the 
lumbar spine are a new technology with a short history 
of clinical use in Europe. They are used as a substitute 
for chronically injured or ruptured and excised interver- 
tebral disc in the spinal column of the vertebrae for hu- 
mans. Such devices employ one, two, three or more in- 
dividual elements having a wide range of constructs in- 
cluding ball and socket Joints, gel filled enclosures, 
spring-biased plates, plate and joint combinations and 
others. Prosthetic spinal discs have been used and re- 
ported about primarily in the lumbar spine. 
[0003] Known prosthetic spinal discs generally re- 
quire some form of articulation or inherent flexibility in 
the device to permit a spine having the device to main- 
tain its natural posture and range of motion as much as 
possible. 

[0004] Several patents disclose particular artificial 
spinal discs comprising two articulating plate members 
which are affixed to adjacent superior and inferior ver- 
tebrae in one fashion or another. Particular modes of 
articulation of the two plates has generally been used to 
distinguish the various devices in this field. As vertebrae 
generally have rounded outer periphery as viewed from 
a superior to inferior direction, the outer periphery of 
known artificial spinal discs are generally rounded, cir- 
cular, oval, or kidney-shaped. Known artificial discs 
have also been made from a large variety of materials 
such as plastic, rubber, metal, ceramic and alloys. 
[0005] Prosthetic spinal discs comprising two plates, 
each plate having a planar surface attached to an adja- 
cent vertebra, are disclosed in U.S. Patents 4,309,777, 
4,759,769 and 5,458,642. Prosthetic spinal discs com- 
prising two plates, each plate having a planar first sur- 
face attached to an adjacent vertebra and a contoured 
opposing second surface separated by an interposed 
core or member that articulates or cooperates with the 
contoured surfaces of the respective plates, are dis- 
closed in U.S. Patents 4,759,766, 5,314,477,5,556,431 
and 5,562,738. 

[0006] U.S. Patent No. 5,401 ,269 to Buttner-Janz et 
al. discloses an intervertebral disc endoprosthesis gen- 
erally comprising at least two articulating plates which 
are rotatable relative to one another about a vertical ax- 
is. 

[0007] U.S. Patent No. 4,349,921 to Kuntz discloses 
an intervertebral disc prosthesis comprising a body hav- 
ing a superior surface, an inferior surface, opposing lat- 



eral surfaces and opposing anterior and posterior ends, 
wherein each of the superior and inferior surfaces is 
"substantially flat in the lateral-lateral direction over the 
entirety of the surfaces" and "in the anterior-posterior 
5 direction corresponding generally with the shape of a 
vertebral surface adjacent the disc." The intervertebral 
disc prosthesis further comprises "meansfor holding the 
prosthesis" to a vertebra. 

[0008] U.S. Patent No. 5,258,031 to Salib et al. dis- 
10 closes an intervertebral disc arthroplasty comprising: 1 ) 
a first member having a first joint surface, a first anterior 
end and an opposing first posterior end, the anterior and 
posterior ends defining a transverse midline therebe- 
tween; 2) a second member having a second joint sur- 
15 face, a second anterior end and an opposing second 
posterior end; and 3) a ball and socket joint located be- 
tween the first and second joint surfaces and between 
the transverse midline and the first posterior end. The 
ball and socket joints permits relative rotation of the first 
20 and second member about a first axis parallel to the 
transverse midline and about a second axis perpendic- 
ular to the first axis. 

[0009] U.S. Patent No. 5,425,773 to Boyd et al. dis- 
closes an intervertebral disc arthroplasty comprising: 1) 

25 afirstmember having a first joint surface, a first anterior 
end and an opposing first posterior end, the anterior and 
posterior ends defining a transverse midline therebe- 
tween; 2) a second member having a second joint sur- 
face, a second anterior end and an opposing second 

30 posterior end; and 3) a ball and socket joint between the 
first and second joint surfaces and between the trans- 
verse midline and the first posterior end. The ball and 
socket joint permits relative rotation of the first and sec- 
ond member about a first axis parallel to the transverse 

35 midline and about a second axis perpendicular to the 
first axis. Additionally, at least one of the first and second 
joint surfaces is inclined away from the ball and socket 
joint entirely around the joint, and the other one of the 
first and second joint surfaces lies along a plane sub- 

40 stantially parallel to both the first and second axes. 
[0010] U.S. Patent No. 5,676,701 to Yuan et al, dis- 
closes a low wear artificial spinal disc comprising: 1) a 
first component including a recess having a contoured 
surface with a 360° circumference; and 2) a second 

^5 component including a projection having a contoured 
surface with a 360° circumference. The contoured sur- 
faces permit unrestricted rotational motion and a flexion/ 
extension bending motion between the components rel- 
ative to a standing patient's spinal axis. Theflexion/ex- 

50 tension angle is between about 20° -30°. 

[0011] Document WO 9814142 A discloses an artifi- 
cial spinal disc according to the preambe of claim 1 . 
[001 2] A human spinal disc can be thought of as a gel 
filled sac which employs various modes of articulation 

55 that provide for changing the instant center of rotation 
of adjacent vertebral surfaces relative to one another 
and that permit lateral-to-lateral and anteroposterior 
translation of vertebrae relative to one another. An arti- 
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ficial spinal disc should be capable of articulating in a 
fashion sinnilarto a hunnan spinal disc. However, articu- 
lation in l<nown spinal disc prostheses comprising two 
or more articulating components is generally limited to 
modes wherein the instant center of rotation of the com- 
ponents relative to one another does not change. This 
absence of a physiological movement in the instant 
center of rotation with flexion, is responsible for the 
translation of nonphysiological forces to the adjacent 
disc surfaces which is believed to accelerate the rate of 
disc degeneration and the need for subsequent or ad- 
ditional surgical intervention. Accordingly, there exists a 
need for an artificial spinal disc comprising plural com- 
ponents which disc provides for articulation wherein an 
instant center of rotation changes and which disc pro- 
vides for translation of adjacent vertebrae relative to one 
another. 

[0013] Known prosthetic spinal discs suffer disadvan- 
tages including the movement of the end plates, dislo- 
cation of the endplates, polyethylene cold flow, cold- 
welds of metal on metal components, ossification of the 
annulus, and particulate wear and debris of the compo- 
nent parts. There remains a need for an artificial disc, 
which mimics natural spinal segmental motion and pro- 
vides an improved alternative to spinal fusion. Analo- 
gous to the situation with degenerative hips and knees 
where viable mechanical substitutes exist to enhance 
function and relieve pain, such a device will relieve pain 
for patients with end-stage disc disease, promote the 
preservation of natural motion, and create a device with 
the durability necessary for long-term use. There re- 
mains a need for a prosthetic disc which can mimic nat- 
ural segmental spinal motion, relieve pain, and provide 
durability for long-term use. 

SUMMARY OF THE INVENTION 

[0014] The present invention overcomes the disad- 
vantages of known prosthetic spinal discs and thus is 
generally directed to a versatile artificial spinal disc 
which can be used to replace degenerated and mas- 
sively ruptured discs of the lumbar spine. The construc- 
tion of the present artificial disc is such that it can be 
easily implanted in the spine through an anterior or an- 
teriolateral fashion. The present device is adapted to ar- 
ticulate in a manner resembling a human knee. The 
present spinal disc employs a mode of articulation 
wherein the instant center of rotation of its articulating 
surfaces changes during articulation, The articulating 
surfaces of the present device preferably have a con- 
struction similar to that of the articulating joint surfaces 
of a knee. 

[0015] An artificial spinal disc according to the inven- 
tion is described in claim 1 . 

[001 6] Another aspect of the invention provides an ar- 
tificial spinal disc which has a changing instant center 
of rotation during anteroposterior flexion, said disc com- 
prising: 



a first plate having a first outer periphery, a first su- 
perior surface, an articulating bicondylar first inferi- 
or surface, a first anterior end, a first posterior end, 
a first lateral side and a second lateral side; and 
5 a second plate having a second outer periphery, a 
second inferior surface, an articulating bimodal con- 
cave-shaped second superior surface, a second 
anterior end, a second posterior end, a third lateral 
side and a fourth lateral side; 

wherein: 

first and second condyles of said bicondylar first in- 
ferior surface are juxtaposed in a lateral-to- lateral 
fashion; 

first and second concave-shaped modes of said bi- 
modal second superior surface are juxtaposed in a 
lateral-to -lateral fashion; and 
an instant center of rotation of said disc changes 
during anteroposterior articulation of said first and 
second plates. 

[001 7] In one embodiment, the articulating bicondylar 
first inferior surface comprises a structure wherein the 
configuration of each condyle is substantially similar 
and a portion of the radius of curvature of each condyle, 
when viewed along a sagittal section at the midpoint of 
the condyle, is changing and can be described by a Fi- 
bonacci mathematical series. Due to the changing radi- 
us of curvature, flexion of this device in anteroposterior 
fashion provides for an anteroposterior translation or 
change in the disposition of an the instant center of ro- 
tation of the spinal disk. 

[0018] The articulating surfaces of the first and sec- 
ond plates can have different arcs of curvature. At least 

one condyle of the bicondylar first inferior surface of the 
first plate can have an arc of curvature, along a sagittal 
section at the midpointof the condyle, that approximates 
or is greater than the arc of curvature of a respective 
concave-shaped mode of the second plate. 
[0019] The first and second concave-shaped modes 
can have a larger radius of curvature along a sagittal 
section at their respective midpoints than their respec- 
tive first and second condyles have along a sagittal sec- 
tion of their respective midpoints, Accordingly, the first 
and second concave-shaped modes can be smaller, or 
shallow, in vertical depth than their respective first and 
second condyles are in vertical height. 
[0020] The articulating surfaces of the artificial spinal 
disc can be adapted to permit translation, in a lateral-to- 
lateral fashion, of the instant center of rotation during 
sideward leaning ortilting, i.e., bending of the spinefrom 
side to side. Accordingly, the juxtaposed first and sec- 
ond concave-shaped modes can form a channel which 
permits lateral-to-lateral translation of the bicondylar 
surface during articulation. 

[0021] The lateral sagittal sections of each condyle 
can be substantially similar and can be adapted to pro- 
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vide a gentle braking to the rotation of the plates with 
respect to one another about a vertical axis. 
[0022] The first and second concave-shaped modes 
of the articulating second superior surface can be sep- 
arated by a raised surface interposed the first and sec- 
ond modes. The raised surface can provide a gentle 
braking of the side-to-side translation of the plates with 
respect to one another. 

[0023] The first superior surface and the second infe- 
rior surface are adapted to be placed between adjacent 
inferior and superior surfaces of adjacent vertebrae. The 
first superior and second inferior surfaces can be sub- 
stantially flat, or planar, in either one or both a lateral- 
to-lateral direction or an anteroposterior direction. The 
artificial spinal disc can further comprise one or more 
attachment means to facilitate attaching the device to 
the adjacent vertebrae. The outer peripheries of the 
plates can be kidney-shaped. 

[0024] Other features, advantages and embodiments 
of the invention will be apparent to those skilled in the 
art by the following description, accompanying exam- 
ples and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The following drawings are part of the present 
specification and are included to further demonstrate 
certain aspects of the invention. The invention may be 
better understood by reference to one or more of these 
drawings in combination with the detailed description of 
the specific embodiments presented herein. 
[0026] FIG. 1a is a side elevation view of the first 
plates of the artificial spinal disc according to the inven- 
tion. 

[0027] FIG. 1 b is a rear or posterior elevation view of 
the first plate of the spinal disc of FIG. 1 a. 
[0028] FIG. 1 c is a bottom or inferior plan view of the 
first plate in FIG. 1a. 

[0029] FIG. 2a is a side or lateral elevation view of the 
second plate of the spinal disc according to the inven- 
tion, 

[0030] FIG. 2b is a rear or posterior elevation view of 
a second disc of FIG. 2a. 

[0031] FIG. 2c is a top or superior plan view of the 

second plate of FIG. 2a. 

[0032] FIGS. 3a and 3b are side elevation views of 
the artificial spinal disc according to the invention where- 
in the first and second plates are depicted in two differ- 
ent stages of articulation. 

[0033] FIGS. 4a and 4b are partial cross-sectional 
rear elevation views of the artificial spinal disc according 
to the invention wherein the first and second plates are 
depicted in two different stages of articulation. 
[0034] FIGS. 5a-5d are side elevation views of vari- 
ous different embodiments of the second plate accord- 
ing to the invention. 

[0035] FIG. 6a is a bottom plan view of the flat inferior 
surface of the second disc according to the invention. 



[0036] FIG. 6b is a sectional side elevation view along 
lines 6b-6b of the second plate depicted in FIG. 6a. 
[0037] Fig. 7 is a perspective view of a human spinal 
column having an articulating spinal disc according to 
5 the invention implanted therein. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] Referring now to FIGS, la-lc and 2a-2c, the 

10 artificial spinal disc of the invention is used as a substi- 
tute for a chronically degenerated, painful and/or rup- 
tured and excised human intervertebral disc. The artifi- 
cial spinal disc is essentially a kidney-shaped device, as 
viewed from atop plan view, comprising first (1 ) and sec- 

15 ond (1 0) kidney-shaped plates which can be placed be- 
tween adjacent vertebrae (not shown) in a spine. Each 
of the first (1) and second (10) plates has an anterior 
end (A^ and A^Q' respectively), an opposing posterior 
end (PS^ and PS^q, respectively), and two lateral sides 

20 (L^, L2 and L-iq, L-12, respectively). 

[0039] The first (1) and second (10) plates articulate 
with one another to form a human knee-type joint that 
permits limited rotation of the first (1) and second (10) 
plates relative to one another about a vertical axis (X^). 

25 This limitation of rotation is within a physiologic range, 
i.e., from 0° - 10° of rotation or +/- 5 degrees off center 
in either direction, to provide moderate degrees of re- 
straint to the device. The first plate (1 ) further comprises 
a substantially planar, or flat, first superior surtace (2) 

30 and an opposing contoured or articulating first inferior 
surface (3) comprising two laterally juxtaposed convex 
portions (4, 5) of substantially the same shape. The sec- 
ond plate (10) further comprises a substantially planar 
orflat, second inferior surface (1 1) and an opposing con- 

35 toured or articulating second superior surface (1 2) com- 
prising two laterally juxtaposed concave portions (13, 
14) which are larger in size than the respective convex 
portions of the first plate (1). 

[0040] The first (1 ) and second (1 0) plates can be de- 

40 scribed by the frontal (or transverse) and median (or 
sagittal) sections of their respective articulating surfac- 
es. The articulating first inferior surface (3) of the first 
plate (1) has a sagittal section, in the anterior to poste- 
rior direction along plane P^, resembling an outwardly 

45 curved arch, i.e. convex, having a varying radius of cur- 
vature. The condyles (4, 5) can each have a sagittal sec- 
tion, along the midpoint of each condyle (see the planes 
P4 and P5, respectively), resembling a curve comprising 
at least a portion having a varying radius of curvature. 

50 in a preferred embodiment, the shape of the curve in the 
sagittal section will approximate the shape of a curve 
descnbed by a Fibonacci mathematical series. 
[0041] The condyles (4, 5) can have a combined 
transverse section, in a lateral to lateral direction along 

55 plane P2, resembling a bimodal outwardly curved arch, 
i.e. two convex curves, having a varying radius of cur- 
vature. The plane P2 is disposed approximately half way 
between the anterior (A^) and posterior (PS^) ends. The 
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condyles (4, 5) can each have an individual transverse 
section, along plane resembling a curve comprising 
at least a portion having a varying radius of curvature, 
In a preferred embodiment, the shape of the curve of 
the transverse section for each condyle (4,5) will ap- 
proximate the shape of a curve described by a Fibonacci 
mathematical series. 

[0042] The articulating second superior surface (12) 
of the second plate (1 0) has a sagittal section , in an an- 
terior to posterior direction along plane P^Q' resembling 
an inwardly curved arch, i.e., concave, having a varying 
radius of curvature, The modes (1 3, 1 4) can each have 
a sagittal section, along the midpoint of each mode (see 
the planes P13 and P^^, respectively), resembling a 
curve comprising at least a portion having a varying ra- 
dius of curvature. In a preferred embodiment, the shape 
of the concave curves in the sagittal section will approx- 
imate the shape of a curve described by a Fibonacci 
mathematical series. 

[0043] The concave modes (1 3, 1 4) can have a com- 
bined transverse section, in a lateral to lateral direction 
along plane P^^, resembling a bimodal inwardly curved 
arch, i.e. two concave curves. The plane P-|-, is disposed 
approximately half way between the anterior (A-|o) and 
posterior (PS^o) ends. The concave modes (13, 14) can 
each have an individual transverse section, along plane 
P^i, resembling a curve comprising at least a portion 
having a varying radius of curvature. In a preferred em- 
bodiment, the shape of the curve of the transverse sec- 
tion for each concave mode (13, 14) will approximate 
the shape of a curve described by a Fibonacci mathe- 
matical series. 

[0044] The respective shapes of the concave and 
convex portions of the articulating surfaces (3, 12), re- 
spectively, will comprise portions that are substantially 

complementary; however, the articulating surfaces will 
be shaped to permit articulation of the plates (1) and 
(1 0) in a manner resembling the articulation of a human 
knee. Thus, the articulating surfaces (3, 1 2) can be reg- 
ularly or irregularly shaped as at least partially comple- 
mentary portions of spheroids, paraboloids, hyperbo- 
loids or ellipsoids of revolution or combinations thereof. 
As discussed above, the concave and convex portions 
of the articulating surfaces can be described by both 
coronal, i.e., transverse, and sagittal arcs which are var- 
iable, i.e., have varying radii of curvature, and allow for 
changing instant centers of rotation and moderate de- 
grees of rotation during articulation of the surfaces (3, 
12). 

[0045] The articulating surfaces (3) and (12) are de- 
signed so that the respective concave and convex por- 
tions thereof comprise a major portion of substantially 
the entirety of the respective articulating surfaces (3) 
and (12). Thus, while the articulating surfaces are sur- 
rounded by respective surfaces defining the outer pe- 
riphery of each of the respective plates (1) and (10), the 
articulating surfaces do not have respective inferior and 
superior surface portions that completely surround the 



articulating respective portions of said surfaces. For ex- 
ample, substantially all of the convex-shaped portions 
(4, 5) of the articulating surface (3) can articulate with 
substantially all of the cave-shaped portions (13, 14) of 

5 the articulating surface (12). 

[0046] FIGS, 3a and 3b depict an artificial spinal disc 
(20) according to the invention comprising a superior 
first plate (21) and an inferior second plate (22). The first 
plate (21) comprises a first articular surface (25) which 

10 articulates with a second articular surface (26) of the 
second plate (22). Since FIG. 3a is a side elevation view 
of the artificial spinal disc (20), it corresponds to a lateral 
view of the device. Therefore, as the plates (21 ) and (22) 
articulate along their articulating surfaces (25) and (26), 

15 respectively, the first plate (21 ) will move in the direction 
indicated by the arrow (B) from the home position de- 
picted in FIG. 3a to a second position depicted in FIG, 
3b. In the home position, the plates (21 and 22) share 
a common center of rotation (23a, 23b); however, when 

20 the first plate (21) is articulated to a second position as 
depicted in FIG, 3b, the instant centers of rotation (23a, 
23b) are no longer coincident. Therefore, when a patient 
using the present device bends in a forward or backward 
manner, i.e., flexes in an anteroposterior fash ion, the in- 

25 stant centers of rotation (23a, 23b) will be displaced 
away from each other in an anteroposterior fashion, i, 
e., there will be an anteroposterior translation of the in- 
stant center of rotation (23b) with respect to the instant 
center of rotation (23a). 

30 [0047] FIGS. 4a and 4b depict partial cross-sectional 
rear, or posterior, elevation views of an artificial spinal 
disc (30) comprising a first superior plate (31 ) and a sec- 
ond inferior plate (32). The first superior plate (31) com- 
prises a bicondylar articulating surface which articulates 

35 with a bimodal concave articulating surface (34) of the 
second plate (32). The plates (31 and 32) are depicted 
in a home or neutral position; however, when the first 
plate (31) is translated laterally along the arrow (T) with 
respect to the second plate (32), the first plate (31) will 

40 tilt slightly with respect to the second plate (32) and the 
instant centers of rotation (35a, 35b) will be displaced 
from one another. Therefore, in one embodiment of the 
invention, the artificial spinal disc will comprise first and 
second articulating surfaces which are adapted to pro- 

^5 vide a changing center of rotation when the articulating 
surfaces are translated or articulated with respectto one 
another in a lateral-to-lateral fashion. 
[0048] FIGS. 5a-5d depict four additional embodi- 
ments (40, 45, 50, 55) of the second plate of the inven- 

50 tion which comprises the bimodal concave shaped sur- 
face that engages with and articulates with a bicondylar 
or bimodal convex shaped surface of a first plate. The 
alternate embodiments of the vertebral end-plate, i.e., 
the second plate, depict various embodiments where 

55 the rim-bearing and weight-bearing capacities of the ar- 
tificial spinal disc have been enhanced. They include 
embodiments comprising pegged and concave config- 
urations as well as an embodiment (50) comprising a 
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central weight-bearing and contoured element (FIG. 5c) 
having additional peripheral rim-bearing structure that 
will loadshare on it is periphery as well as in the cancel- 
lous centrum of a vertebra. FIG. 5d depicts an alternate 
embodiment (55) having a porous surface (56) for the 
ingrowth of bone, such as by the additional of hydroxya- 
petite, to enhance the adhesion of the spinal disc to an 
adjacent vertebra. The embodiment of FIG. 5d is also 
adapted to reduce the effect of the moment to cause 
anterior extrusion of the implant via an increase in the 
frictional forces that resist this vector. The embodiments 
of FIGS. 5a-5d also demonstrate the functional fixation 
provided by cancellous pitch and threaded fixation 
screws of various sizes, locations and directions that are 
envisioned to cause immediate fixation of the artificial 
spinal disc to adjacent vertebra and to prevent motion 
between the first and second plates of the artificial spinal 
disc. 

[0049] FIG. 6a depicts a bottom plan view of a second 
plate (60) according to the invention wherein the flat in- 
ferior surface of the plate that contacts an adjacent ver- 
tebra comprises a plurality of grooves, channels or wells 
(61) which provide for a macro -textured surface that is 
designed to enhance the survival of the subcondral 
structure of the end plate while distributing load to the 
vertebra. The curved and radiating grooves can prevent 
the congestion of the microvasculature associated with 
completecoverage and occlusion of the end plates. FIG. 
6b is a sectional side elevation view of the second plate 
(60) of FIG. 6a. 

[0050] Referring again to FIGS. 3a-3b, the plates (21 
and 22) are adapted to articulate and rotate relative to 
one another about a lateral-to-lateral, or transverse, ax- 
is during anteroposterior flexion along the arrow (B), 
Relative to the vertical axis (28), the first plate (21) is 
adapted to permit articulation in an anterior direction of 
up to about 1 5° from the neutral or home position shown 
in FIG. 3a and in a posterior direction of up to about -5° 
relative to the home position depicted in FIG. 3a. 
[0051] Referring to FIGS. 4a and 4b, the artificial spi- 
nal disc (30) comprising a first plate (31) (shown in ele- 
vation) and a second plate (32) (shown in section) is 
adapted to permit articulation of the plates relative to 
one another about a median saggital axis which extends 
anteroposteriorly through the device. Specifically, when 
the first plate (31) is displaced laterally, or is translated 
laterally, in the direction of the arrow (T), the instant cent- 
er of rotation (35a and 35b) will be displaced relative to 
one another and the first plate (31) will assume a tilted 
position relative to the first plate (32). Note that although 
the articulating surfaces (33 and 34) each comprise por- 
tions having a varying radius of curvature, the concave 
shaped sections of the articulating surface (34) each 
have a radi us of curvatu re that is larger than a respective 
condyle portion of the articulating surface (33) with 
which it articulates. Accordingly, while each concave 
shaped mode of the bimodal articulating surface (34) 
can comprise curved portions described by a Fibonacci 



mathematical series, the corresponding convex shaped 
condyle of the articulating surface (33) will comprise 
curved portions which can be described by a second 
range of the Fibonacci mathematical series such that 
5 the radii of curvature of the convex shaped condyles will 
be smaller than the radii of curvature of the concave 
shaped modes. The degreeof tilting of the first plate (31) 
relative to the second plate (32) will range from about 
2-5° off center in either direction. In a preferred embod- 
iment, the degree of tilting of the first plate (31) relative 
to the second plate (32) will range from 1 -2.5° . 
[0052] In preferred embodiments, the degree of an- 
teroposterior flexion of the first plate (21 ) relative to the 
second plate (22) will range from about 3-15° in either 
direction, more preferably 1.5-7.5° in either direction, 
and more preferably will span 5-7°, In another preferred 
embodiment, the degree of anteroposterior flexion of the 
first plate (21) relative to the second plate (22) will have 
a maximum range of motion of about 1 0° , and more pref- 
erably about 5-7° . I n yet another preferred embodiment, 
the average range of extension will be from 0 to -5° and 
more preferably from Oto - 3°. Still yet another preferred 
embodiment provides an average flexion of about -5 to 
1 0° along the saggital plane. It will be understood by the 
artisan of ordinary skill that a negative degrees indicates 
an extension of the spinal disc and a positive degrees 
indicates a flexion of the spinal disc, where flexion refers 
to bending the spine in a forward or anterior direction of. 
[0053] FIG. 7 depicts an artificial spinal disc (78) ac- 
cording to the invention implanted in a human spine (70) 
which comprises plural vertebrae (71, 72, 73, 74, 75) 
and plural interposed spinal discs (77a-77d). The artifi- 
cial spinal disc (78) has a first plate (79) and a second 
plate (80) interposed the superior vertebra (72) and the 
inferior vertebra (71), respectively. The inferior surface 
(72a) of the superior vertebra (72) is depicted as planar, 
or flat, so as to optimize the substantially flat superior 
surface (79a) of the plate (79). The superior vertebral 
surface (71a) of the inferior vertebra (71) is also depict- 
ed as planar so as to optimize contact with the inferior 
surface (80a) of the plate (80). Although not shown, the 
plates (79 and 80) and consequently the vertebrae (72 
and 71), respectively, are held adjacent one another by 
the musculature and other body tissues which normally 
surround the spinal column (70). 

[0054] Each of the plates (1) and (1 0) can include at- 
tachment means which facilitate attachment of the arti- 
ficial spinal disc to adjacent vertebrae. In the embodi- 
ment of FIGS, la-lc and 2a-2c, the attachment means 
comprises at least two projections (6, 7) and (1 6, 1 7) on 
each of the planar surfaces (2) and (1 1 ) of the plates (1 ) 
and (10), respectively. The projections (6, 7) mate with 
corresponding cavities (not shown) in adjacent verte- 
brae which are superior and inferiortothe artificial spinal 
disc. Alternatively or additionally, the attachment means 
can also comprise multiple screw holes in the end of 
each plate (1,10) through which are inserted respective 
cancellous screws that arc then screwed into the adja- 
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cent vertebral body that are in contact with the artificial 
spinal disc. The attachment means according to the in- 
vention can comprise one or more known means for af- 
fixing or attaching solids to one another. By way of ex- 
ample and without limitation, attachment means can in- 
clude a screw, nail, rivet, adhesive, wire, band, strap, 
and embodiments for porous coating of the prosthesis 
endplate screws or the combination and locking mech- 
anisms to affix the screw to the intervertebral disc com- 
ponent. 

[0055] The holes (8, 15), if present, can be shaped as 
desired. They can be adapted to receive and retain 
screws, nails, rivets, spikes and other articles used to 
secure the plates (1 , 10, respectively) to adjacent ver- 
tebrae. For example, the holes (8, 15) can be counter- 
sunk orcan have locking methods ormechanisms which 
stabilize the screw to the artificial intervertebral disc 
prosthesis. 

[0056] Although FIGS. 1a-1 b and 2a-2b depict the at- 
tachment means (6, 7 and 16, 17) on planar surfaces 

(2) and (1 1 ), respectively, as being disposed toward the 
anterior ends (A^) and (A^q), respectively, the attach- 
ment means can be disposed anywhere within the arti- 
ficial spinal disc. It will generally be necessary for each 
plate ( 1 ) and (1 0) to have at least one attachment means 
by which it is secured to an adjacent vertebra. The at- 
tachment means according to the invention can be 
shaped as desired in order to optimize perfomnance in 
a particular use or environment. The attachment means 
can comprise plural similar or dissimilar attachment 
means. In a preferred embodiment, the attachment 
means will comprise two or more projections (6, 7) and 
(1 6, 1 7) on the planar surfaces (2) and (1 1 ), respectively 
for engagement with respective cavities or bores within 
adjacent inferior and superior surfaces of respective ad- 
jacent vertebrae. The planar surface can further com- 
prise porous coatings to enhance ossication thereof 
such as by promoting the growth of bone therein. Oste- 
oinductive, osteoconductive, osteogenic and other fu- 
sion enhancing materials are contemplated. 
[0057] Although FIGS. 1c and 2c depict a particular 
embodiment of a kidney shape, the outer peripheries of 
the plates (1) and (10) of the artificial spinal disc can 
include embodiments wherein the anterior (A2 and A^q), 
respectively, or posterior (PS-| and PS^q), respectively, 
ends or the lateral sides (L-|, Lg) and (L^q; 1-12)' •'sspec- 
tively, can have different or similar radii of curvature. The 
artificial spinal disc can be shaped additionally as a sin- 
gle condylar structure without limitation or need for an 
intercondylar notch to be integral in one part of the com- 
ponent. 

[0058] Although the substantially planar first superior 
(2) and second inferior (11) surface are intended to be 
flat, they can have depressions, ridges, ribs, bosses, 
projections, indentation, dimples and the like. 
[0059] The plates (1,10) of the artificial spinal disc are 
generally intended to be rigid, semi-flexible or resilient 
and thus will comprise materials such as, by way of ex- 



ample and without limitation, metal, hard rubber, plastic, 
polymer, alloy, composite material, ceramic, ceramic 
metal alloy or combinations thereof. 
[0060] The plates (1 , 10) can be manufactured by a 
5 variety of methods including: casting, stereolithography, 
machining, plasma spraying, coating, polishing, or in- 
vestment casting. 

[0061] Although the plates (1, 10) are depicted as 
having lateral to lateral lengths greater than their re- 

10 spective anterior-to-posterior widths, the plates can be 
dimensioned as desired. Thus, the width of the plates 
(1 , 10) can be greater than, equal to or less than the 
respective lengths. In most cases, the superior-to-infe- 
rior height of each of the plates (1,10) will be less than 

15 both its width and length. 

[0062] Proximal to the anterior border of the vertebral 
body in the posterior end will be adjacent to the postenor 
vertebral body but away from the underlying spinal 
nerves. Although, FIGS, la-lcand 2a-2c depict the first 

20 plate (1) as being the superior plate, the spinal disc of 
the invention can be flipped over so that the second 
plate (10) is the superior plate. 

[0063] The articulating spinal disc prosthesis of the in- 
vention differs from known prostheses used for the re- 

25 placement of knee joints in at least one of the following 
ways. The present artificial spinal disc is smaller in con- 
struction, has a smaller articulating bicondylar surface, 
provides only a limited range of articulation in flexion and 
extension and can be designed such that the changing 

30 instant center of rotation will occur in either an anterior 
or posterior direction along a saggital plane. In a pre- 
ferred embodiment, the change in the instant center of 
rotation of the artificial spinal disc will occur in a manner 
opposite that occurring in a human knee. 

35 [0064] The above is a detailed description of particu- 
lar embodiments of the invention. It is recognized that 
departures from the disclosed embodiments may be 
made within the scope of the invention and that obvious 
modifications will occur to a person skilled in the art. 

40 Those of skill in the art should, in light of the present 
disclosure, appreciate that many changes can be made 
in the specific embodiments which are disclosed herein 
and still obtain a like or similar result without departing 
from the spirit and scope of the invention. All of the em- 

^5 bodiments disclosed and claimed herein can be made 
and executed without undue experimentation in light of 
the present disclosure. 



1. An artificial spinal disc (1), which articulates, said 
disc comprising: 

a first plate (1 ) having a first outer periphery, a 
substantially flat first superior surface (2), a first 
inferior articulating surface (3), a first anterior 
end (A1), a first posterior end (PS1), a first lat- 
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eral side (LI) and a second lateral side (L2); 
and 

a second plate (1 0) having a second outer pe- 
riphery, a substantially flat second inferior sur- 
face (1 1 ), a second superior articulating surface 
(12), a second anterior end (A10), a second 
posterior end (PS10), a third lateral side (L10) 
and a fourth lateral side (LI 2); 

wherein: 

said first and second plates (1,10) can articu- 
late in an anteroposterior fashion when said 
first inferior surface (3), said first anterior end 
(A1) and said first posterior end (PS1), are jux- 
taposed, said second superior surface (12), 
said second anterior end (A10) and said sec- 
ond posterior end (PS10), respectively; 
said disc has an instant center of rotation in 
flexion which moves in an anteroposterior di- 
rection during anteroposterior articulation of 
said disc; characterized in that 
at least one of said first inferior articulating sur- 
face (3) and said second superior articulating 
surface (12) connprises a changing anteropos- 
terior radius of curvature. 

2. The artificial spinal disc of claim 1 , wherein said ar- 
ticulating first inferior (3) and second superior sur- 
faces (10) have major portions which are substan- 
tially complementary. 

3. The artificial spinal disc of claim 2, wherein said first 
and second outer peripheries are substantially kid- 
ney shaped. 

4. The artificial spinal disc of any preceding claim, 
wherein said first plate (1 ) is superior to said second 
plate (10). 

5. The artificial spinal disc of any preceding claim, 
wherein said second plate (10) is superior to said 
first plate (1). 

6. The artificial spinal disc of claim 1 , wherein the first 
inferior articulating surface (3) is bimodal convex- 
shaped and the second superior articulating sur- 
face (12) is bimodal concave-shaped. 

7. The artificial spinal disc of claim 6, wherein a first 
mode of said bimodal convex-shaped first inferior 
surface (3) is a substantial mirror image of a second 
mode of said bimodal convex-shaped first inferior 
surface (3). 

8. The artificial spinal disc of claim 6, wherein a first 
mode of said bimodal concave-shaped second su- 
perior surface (12) is a substantial mirror image of 



a second mode of said bimodal concave-shaped 
second superior surface (12). 

9. The artificial spinal disc of any preceding claim, 
5 wherein the spinal disc has bilateral symmetry. 

10. The artificial spinal disc of any preceding claim, 
wherein each of the first and second plates (1,10) 
comprises at least one attachment means 

10 (6,7,16,17), more preferably two different attach- 
ment means. 

11. The artificial spinal disc of any preceding claim, 
wherein at least one of said first and second plates 

15 (1 ,1 0) includes a hole (8,15) therethrough for use in 
securing at least one plate to a vertebra. 

12. The artificial spinal disc of any preceding claim, 
wherein each mode of said bimodal convex-shaped 

20 first inferior surface (3) is disposed along a midline 
between said first anterior (A1 ) and said first poste- 
rior ends (PS1). 

13. The artificial spinal disc of any preceding claim, 
25 wherein said first and second plates (1 ,10) can have 

modes of articulation selected from:- 

translation in a lateral to lateral direction with 
respect to one another; rotation with respect to 
30 one another about a vertical axis; and/or recip- 

rocating articulation only in an anterior to pos- 
terior and posterior to anterior fashion. 

14. The artificial spinal disc of claim 6, wherein: 

35 

said articulating bimodal convex-shaped first 
inferior articulating surface (3) comprises a bi- 
condylar structure wherein each condyle (4,5) 
comprises the same changing radius of curva- 
40 ture. 

1 5. The artificial spinal disc of claim 1 4 wherein said ra- 
dius of curvature describes a Fibonacci mathemat- 
ical series. 

45 

16. The artificial spinal disc of claim 15, wherein said 
rotation is limited to being within a normal physio- 
logical range. 

50 17. The artificial spinal disc of claim 6, wherein each of 
said convex-shaped first inferior surface (3) and 
said concave-shaped second superior surface (12) 
are defined by variable coronal and sagittal arcs 
that permit said first and second plates (1 ,10) to ro- 
55 tate relative to one another about a vertical axis in 
a limited fashion. 
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Patentanspriiche 

1. Kunstliche Bandscheibe (1 ), die sich gelenkig be- 
wegt, wobei die Scheibe umfasst: 

eine erste Platte (1) mit einem ersten AuBen- 
umfang, einer im Wesentlichen planen ersten 
oberen Flaclne (2), einer ersten unteren Ge- 
lenl<flache (3), einem ersten vorderen Ende 
(A1), einenn ersten hinteren Ende (PS1), einer 
ersten Langsseite (LI) und einer zweiten 
Langsseite (L2); und 

eine zweite Platte (10) nnit einem zweiten Au- 
Benumfang, einer im Wesentlichen planen 
zweiten unteren Flache(11), einer zweiten obe- 
ren Gelenkflache (12), einem zweiten vorderen 
Ende (A10), einem zweiten hinteren Ende 
(PS10), einer dritten Langsseite (L10) und ei- 
ner vierten Langsseite (L12); 

wobei: 

sich die erste und die zweite Platte (1 , 10) ge- 
lenkig nach vorn und nach hinten bewegen 
konnen, wenn die erste untere Flache (3), das 
erste vordere Ende (A1) und das erste hintere 
Ende (PS1) an die zweite obere Flache (12), 
das zweite vordere Ende (A1 0) bzw. das zweite 
hintere Ende (PS10) angrenzend angeordnet 
warden; wobei die Scheibe eine momentane 
Drehmitte beim Biegen hat, die sich bei gelen- 
kigerVom-Hinten-Bewegung der Scheibe in ei- 
ner Vom-Hinten-Richtung bewegt; dadurch 
gekennzeichnet, dass wenigstens die erste 
untere Gelenkflache (3) oder die zweite obere 
Gelenkflache (12) einen sich andernden Vorn- 
Hinten-Kriimmungsradius hat. 

2. Kunstliche Bandscheibe nach Anspruch 1, wobei 
die sich gelenkig bewegende erste untere (3) und 
zweite obere Flache (10) Hauptabschnitte haben, 
die im Wesentlichen komplementar sind. 

3. Kunstliche Bandscheibe nach Anspruch 2, wobei 
der erste und der zweite AuBenumfang im Wesent- 
lichen nierenformig sind. 

4. Kunstliche Bandscheibe nach einem dervorange- 
henden Anspruche, wobei die erste Platte (1) uber 
der zweiten Platte (1 0) liegt. 

5. Kunstliche Bandscheibe nach einem der vorange- 
henden Anspruche, wobei die zweite Platte (10) 
uber der ersten Platte (1) liegt. 

6. Kunstliche Bandscheibe nach Anspruch 1, wobei 
die erste untere Gelenkflache (3) zweigipflig konvex 



geformt ist und die zweite obere Gelenkflache (12) 
zweigipflig konkav geformt ist. 

7. Kunstliche Bandscheibe nach Anspruch 6, wobei 
5 ein erster Gipfel der zweigipfligen konvex geform- 
ten ersten unteren Flache (3) im Wesentlichen ein 
Spiegelbild eines zweiten Gipfels der zweigipfligen 
konvex geformten ersten unteren Flache (3) ist. 

10 8. Kunstliche Bandscheibe nach Anspruch 6, wobei 

ein erster Gipfel der zweigipfligen konkav geform- 
ten zweiten oberen Flache (1 2) im Wesentlichen ein 
Spiegelbild eines zweiten Gipfels der zweigipfligen 
konkav geformten zweiten oberen Flache (12) ist. 

15 

9. Kunstliche Bandscheibe nach einem der vorange- 
henden Anspruche, wobei die Bandscheibe zwei- 
seitig symmetrisch ist. 

20 10. Kunstliche Bandscheibe nach einem der vorange- 

henden Anspruche, wobei die erste und die zweite 
Platte (1 , 10) wenigstens eine Anbringungseinrich- 
tung (6,7, 16, 17) umfassen, noch besserzwei ver- 
schiedene Anbringungseinrichtungen. 

25 

11. Kunstliche Bandscheibe nach einem der vorange- 
henden Anspruche, wobei wenigstens die erste 
Oder die zweite Platte (1 , 10) ein Loch (8, 15) zum 
Einsatz beim Befestigen wenigstens einer Platte an 

30 einem Wirbel enthalt. 

12. Kunstliche Bandscheibe nach einem der vorange- 
henden Anspruche, wobei jeder Gipfel der zweigipf- 
ligen konvex geformten ersten unteren Flache (3) 

35 entlang einer Mittellinie zwischen dem ersten vor- 
deren (A1 ) und dem ersten hinteren Ende (PS1 ) an- 
geordnet ist. 

13. Kunstliche Bandscheibe nach einem der vorange- 
40 henden Anspruche, wobei die erste und die zweite 

Platte (1, 10) Arten der gelenkigen Bewegung ha- 
ben konnen, die ausgewahit werden aus: 

Verschiebung in einer Richtung von Seite zu 
45 Seite in Bezug zueinander; Drehung in Bezug 

zueinander um eine vertikale Achse und/oder 
gelenkige Hin- und Herbewegung nur von vom 
nach hinten und von hinten nach vom. 

50 14. Kunstliche Bandscheibe nach Anspruch 6, wobei: 

die sich gelenkig bewegende zweigipflige kon- 
vex geformte erste untere Gelenkflache (3) ei- 
ne bikondylare Struktur umfasst, wobei jeder 
55 Condylus (4, 5) den gleichen sich andernden 

Kriimmungsradius umfasst. 

15. Kunstliche Bandscheibe nach Anspruch 14, wobei 



50 
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der Krummungsradius eine mathematische Fibo- 
nacci-Folge beschreibt. 

16. Kunstliche Bandscheibe nach Anspruch 15, wobei 
die Drehung so beschrankt ist, dass sie innerhalb 5 
eines normalen physiologischen Bereiches liegt. 

17. Kunstliche Bandscheibe nach Anspruch 6, wobei 
die konvex gefornnte erste untere Flache (3) und die 
konkav geformte zweite obere Flache (12) durch io 
veranderliche Coronal- und Sagittalbogen gebildet 
werden, die es ermoglichen, dasssich die erste und 

die zweite Platte (1,10) relativ zueinander begrenzt 
unn eine vertikale Achse drehen. 



Revendications 

1. Disque intervertebral artificiel (1), qui est articule, 
ledit disque comprenant: 20 



2. Disque intervertebral artificiel selon la revendica- 
tion 1 , dans lequel lesdites prenniere surface infe- 
rieure (3) et seconde surface superieure (10) d'ar- 
ticulation connportent des parties principales qui 
sent sensiblennent complennentaires. 

3. Disque intervertebral artificiel selon la revendica- 
tion 2, dans lequel lesdites prenniere et seconde pe- 
ripheries externes sent sensiblennent en fornne de 
rein. 

4. Disque intervertebral artificiel selon Tune quelcon- 
que des revendications precedentes, dans lequel 
ladite premiere plaque (1) est superieure a ladite 
seconde plaque (10). 

5. Disque intervertebral artificiel selon I'une quelcon- 
que des revendications precedentes, dans lequel 
ladite seconde plaque (10) est superieure a ladite 
premiere plaque (1). 

6. Disque intervertebral artificiel selon la revendica- 
tion 1 , dans lequel la premiere surface d'articulation 
inferieure (3) est de forme bi-modale convexe et la 
seconde surface d'articulation superieure (12) est 
de forme bi-modale concave. 

7. Disque intervertebral artificiel selon la revendica- 
tion 6, dans lequel un premier mode de ladite pre- 
miere surface inferieure de forme bi-modale conve- 
xe (3) est une image sensiblement miroir d'un se- 
cond mode de ladite premiere surface inferieure de 
forme bi-modale convexe (3). 

8. Disque Intervertebral artificiel selon la revendica- 
tion 6, dans lequel un premier mode de ladite se- 
conde surface superieure de forme bi-modale con- 
cave (12) est une image sensiblement miroir d'un 
second mode de ladite seconde surface superieure 
de forme bi-modale concave (12). 

9. Disque intervertebral artificiel selon I'une quelcon- 
quedes revendications precedentes, dans lequel le 
disque intervertebral presente une symetrie bilate- 
rale. 

10. Disque intervertebral artificiel selon I'une quelcon- 
que des revendications precedentes, dans lequel 
chacune des premiere et seconde plaques (1, 10) 
comprend au moins un moyen de fixation (6, 7, 16, 
17), plus preferablement deux moyens de fixation 
differents. 

11. Disque intervertebral artificiel selon I'une quelcon- 
que des revendications precedentes, dans lequel 
au moins I'une desdites premiere et seconde pla- 
ques, (1 , 10) comporte un orifice (8, 15) traversant 
destine a etre utilise afin d'assurer la fixation d'au 



une premiere plaque (1) presentant une pre- 
miere peripherie externe, une premiere surface 
superieure sensiblement plate (2), une premie- 
re surface d'articulation inferieure (3), une pre- 25 
miere extremite anterieure (A1), une premiere 
extremite posterieure (PS1 ), une premiere face 
laterale (LI) et une deuxieme face laterale 
(L2) ; et 

une seconde plaque (10) presentant une se- 30 
conde peripherie externe, une seconde surface 
inferieure sensiblement plate (11), une secon- 
de surface d'articulation superieure (12), une 
seconde extremite anterieure (A10), une se- 
conde extremite posterieure (PS10), une trol- 35 
sieme face laterale (L1 0) et une quatrieme face 
laterale (LI 2); 

dans lequel: 

40 

lesdites premiere et seconde plaques (1, 10) 
peuvent s'articuler d'une maniere antero-pos- 
terieure lorsque ladite premiere surface infe- 
rieure (3), ladite premiere face anterieure (A1) 
et ladite premiere extremite posterieure (PS1) ^5 
sont juxtaposees respectivement a ladite se- 
conde surface posterieure (12), ladite seconde 
extremite anterieure (A10) et ladite seconde 
extremite posterieure (PS1 0) ; ledit disque pre- 
sente un centre de rotation instantane en so 
flexion qui se deplace dans une direction an- 
tero-posterieure au cours de I'articulation an- 
tero-posterieure dudit disque ; caracterise en 
cequ'au moins I'une de ladite premiere surface 
d'articulation inferieure (3) et de ladite seconde 55 
surface d'articulation superieure (12) presente 
un rayon de courbure antero-posterieur varia- 
ble. 
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moins une plaque sur une vertebre. 

12. Disque intervertebral artificiel selon Tune quelcon- 
que des revendications precedentes, dans lequel 
chaque mode de ladite premiere surface inferieure 5 
de forme bi-modale convexe (3) est dispose le long 
d'une ligne centrale entre ladite premiere extremite 
anterieure (A1) at ladite premiere extremite poste- 
rieure (PSI). 

10 

13. Disque intervertebral artificiel selon I'une quelcon- 
que des revendications precedentes, dans lequel 
lesdites premiere et seconde plaques (1 , 10) peu- 
vent presenter des modes d'articulation selection- 
nes a partir de: ^5 

la translation dans une direction laterale a late- 
rale de I'une par rapport a I'autre, la rotation de 
I'une par rapport a I'autre autour d'un axe ver- 
tical et/ou I 'articulation a mouvement alternatif 20 
uniquement de maniere anterieure vers poste- 
rieure et posterieure vers anterieure. 

14. Disque intervertebral artificiel selon la revendica- 
tion 6, dans lequel: 25 

ladite premiere surface d'articulation inferieure 
de forme bi-modale convexe d'articulation (3) 
comprend une structure bi-condyle dans la- 
quelle chaque condyle (4, 5) presente le meme 50 
rayon de courbure variable. 

15. Disque intervertebral artificiel selon la revendica- 
tion 14, dans lequel ledit rayon de courbure decrit 
des series mathematiques de Fibonacci. 35 

16. Disque intervertebral artificiel selon la revendica- 
tion 15, dans lequel ladite rotation est limitee a I'in- 
terieur d'une plage physiologique normale. 

40 

17. Disque intervertebral artificiel selon la revendica- 
tion 6, dans lequel chacune de ladite premiere sur- 
face inferieure de forme convexe (3) et de ladite se- 
conde surface superieure de forme concave (12) 

est definie par des arcs coronaux et sagittaux va- 45 
riables qui permettent la rotation desdites premiere 
et seconde plaques (1,10) I'une par rapport a I'autre 
autour d'un axe vertical d'une maniere limitee. 

50 
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Description 

[0001] The invention concerns improvements in and 
relating to vertebral-column fusion devices. In particular, 
but not exclusively, the invention relates to a vertebral- 
column fusion device that Is suitable to be received in 
an intervertebral space between two dorsal vertebrae, 
said a fusion device comprising a curved strip of bio- 
compatible material, with the width of the strip being 
such that after placement said strip makes contact with 
the aforementioned vertebrae. 

[0002] Fusion devices aim to promote fusion of the 
adjoining vertebrae together. As such they are distinct 
from disc replacements where the new disc alms to mir- 
ror the behaviour of and given the mobility of the natural 

disc It replaces. 

[0003] Fusion devices, in the most general sense, are 
known and are employed in cases where, as a result of 
accident, overloading, old age or otherwise, an interver- 
tebral disc of the dorsal vertebral column is no longer 
able to perform its normal supporting and stabilising 
function. In these cases there Is fitted in the space of 
said intervertebral disc a device which entirely or par- 
tially takes over the load-bearing function of the interver- 
tebral disc until bone fusion has taken place. Known fu- 
sion devices of this type are constituted by a so-called 
cage construction with a closed peripheral surface 
which, for example, may have a cylindrical shape, and 
two end faces which after placement make contact with 
the two vertebrae bounding the intervening space. This 
type effusion device is introduced into the intervertebral 
space by means of a surgical Intervention and is ma- 
noeuvred into a precise position. Moreover, for good sta- 
bility and satisfactory load-bearing capacity it is usually 
necessary to fit two of these device in the intervertebral 
space, side by side, one on each side of the vertebral 
column. 

[0004] One disadvantage of these known devices is 
that they are difficult to fit in the intervertebral space, 
fitment being effected by means of a labourious, time- 
consuming and therefore expensive surgical interven- 
tion, in the course of which a relatively large access 
opening has to be made, with destabilisation and local 
trauma as a consequence. In the case of a posterior ap- 
proach this is effected, as a rule, on the left and /or right 
sides of the spinal cord and in either case results in a 
fairly serious Intervention. 

[0005] US 5716416 and US 5919235 are examples 

of disc replacements where the aim is to mimic normal 
disc function, not eliminate movement to promote fu- 
sion. Neither device features the use of shape memory 
alloys. 

[0006] The invention has amongst its aims to provide 
a better device that is simpler to fit in the intervertebral 
space and that, while preserving the simplicity of fitting, 
can nevertheless have a larger and therefore more fa- 
vourable beahng surface than the known devices. 
[0007] According to the invention we provide an in- 



tervertebral device as defined in claim 1 . 
[0008] The intervertebral fusion device promotes fu- 
sion of one vertebrae to an adjacent vertebrae with the 
device there between. Fusion may be promoted by the 

5 ingrowth of bone or other material. The fusion device 
may restrain movement of one vertebrae relative to the 
other vertebrae the fusion device contacts. 
[0009] The elongate element may be a substantially 
planar element, for instance a strip or sheet. 

10 [0010] Theelongateelementmay have a non-rectilin- 
ear cross-section at one or more locations along its 
length. The non-rectilinear cross-section may be provid- 
ed throughoutthe length. The non-rectilinearcross-sec- 
tion may be provided at a plurality of locations along the 

15 length, with a recti linear cross-section being provided at 
a location between two or more of those locations, ide- 
ally between each of those non-rectilinear cross-sec- 
tions. The non-rectillnear cross-section may provide an 
increased thickness portion at the upper edge/upper 

20 load bearing surface and/or at the lower edge/lower load 
bearing surface of the elongate element. The non-rec- 
tilinearcross-section may be of a linear C-shaped cross- 
section. The portions of the elongate element having a 
non-rectilinear cross-section may have the same profile 

25 in the first and second states. The portions of the elon- 
gate element between the non-rectilinear portions may 
flex and/or bend during the change from first to second 
state and/or vice-versa. 

[0011] The elongate element may be a mesh. The 

30 elongate element may be continuous or may have one 
or more holes or apertures in it. The holes maybe round 
and y or oval and/or triangular and/or diamond shaped. 
[001 2] The elongate element may have a linear upper 
load bearing surface or surfaces. The elongate element 

35 may have a discontinuous upper surface. One or more 
indentations may be provided in the upper load bearing 
surface. The elongate element may have a serrated up- 
per load bearing surface or surfaces. The elongate ele- 
ment may have one or more protrusions or spikes pro- 

40 vided on the upper load bearing surface or surfaces. The 
upper surface of the elongate element may be defined 
by one or more, preferably linear, load bearing surfaces 
interspaced by one or more indentations. The indenta- 
tions may betriangular in shape. The upper load bearing 

45 surface or surfaces of the elongate element may be pro- 
vided with one or more protrusions or teeth. The protru- 
sions or teeth may have a triangular profile. 
[001 3] The elongate element may have a linear lower 
load bearing surface or surfaces. The elongate element 

50 may have a discontinuous lower surface. One or more 
indentations may be provided in the lower load bearing 
surface. The elongate element may have a serrated low- 
er load bearing surface or surfaces. The elongate ele- 
ment may have one or more protrusions or spikes pro- 

55 vided on the lower load bearing surface or surfaces, The 
lower surface of the elongate element may be defined 
by one or more, preferably linear, load bearing surfaces 
interspaced by one or more indentations. The indenta- 
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tions may be triangular in shape. The lower load bearing 
surface or surfaces of the elongate element may be pro- 
vided with one or more protrusions or teeth. The protru- 
sions or teeth may have a triangular profile. 
[001 4] The upper and lower load bearing surface and/ 
or one or more of the upper and lower load bearing sur- 
faces may be parallel to one another. The upper and 
lower load bearing surface and/or one or more of the 
upper and lower load bearing surfaces may be angled 
relative to one another. The angle between a projection 
of the upper load bearing surfaces and/or at least one 
of the upper load bearing surfaces and the lower load 
bearing surface and/or at least one of the lower load 
bearing surfaces may be 5° to 15°, more preferably 7° 
to 13°. More preferably the angle is 8° to 12°, still more 
preferably 9° to 11° and ideally is 10°. One or both of 
the upper or lower load bearing surfaces may be non- 
perpendicular to the height of the elongate element. 
[0015] The upper and/or lower load bearing surface 
or surfaces may contact and/or enter the vertebrae in 
use. 

[0016] The vertical spacing of the upper and lower 
load bearing surface or surfaces may be between 7mm 
and 20mm, preferably between 8mm and 17mm and 
ideally between 9mm and 1 5mm. The maximum vertical 
spacing is preferably less than 22mm, more preferably 
less than 1 9mm and ideally less than 1 7mm. The max- 
imum vertical spacing is preferably provided at one or 
both ends of the elongate element, particularly when the 
device is introduced from the anterior side of the patient. 
The maximum vertical spacing is preferably provided 
within the middle portion of the elongate element, par- 
ticularly when the device is introduced from the posterior 
side of the patient. 

[0017] The minimum vertical spacing is preferably 
more than 4mm, more preferably more than 5mm and 
ideally more than 6mm. The minimum vertical spacing 
is preferably provided at one or both ends of the elon- 
gate element, particularly when the device is introduced 
from the posterior side of the patient. The minimum ver- 
tical spacing is preferably provided within the middle 
portion of the elongate element, particularly when the 
device is introduced from the anterior side of the patient. 
[0018] The first state may provide a linear configura- 
tion for the elongate element. The first state may provide 
a non-linear configuration, for instance a curve or wave- 
form, for the elongate element. A non-linear configura- 
tion may mean one end of the elongate element being 
offset from a tangent to the other end by less than 5mm, 
preferably less than 4mm, more preferably less than 
2mm and Ideally less than 1mm. A non-linear configu- 
ration may mean one or more portions of the elongate 
element being disposed to one side or the other side, 
relative to a centre line of the elongate element. The one 
or more portions may be so disposed by one or curves, 
preferably alternating direction curves, ideally a wave- 
form. The first state may provide a configuration in which 
one end of the elongate element is further, in a straight 



line, from the other end of the elongate element than 
any other component. The part of the elongate element 
intervening the two ends may be non-linear, for instance 
including one or more curves. A wave fonn consisting 
5 of alternating curves of opposing direction is particularly 
preferred. 

[0019] The second state may provide a configuration 
in which at least a part of the elongate element is curved. 
The second state may provide a situation in which the 

10 entire length of the elongate element is curved. The 
curve may be of constant radius throughout the length 
of the elongate element. The curve may be a various 
radii over the length of the elongate element. The mini- 
um radius is preferably at least 3mm and more prefera- 

15 biy 5mm. 

[0020] The second state may provide a configuration 
in which at least a part of the elongate element is curved 
and in which at least a part of the elongate element has 
a waveform and/or serpentine and/or wavy profile. The 
20 parts may be the same part of the elongate element. 
The curves forming the waveform may have a radius of 
less than 1 mm. 

[0021] In the second state the elongate element may 
have a configuration which is a part circle and/or full cir- 
25 cle and/or spiral and/or U-shape and/or a part oval and/ 
or full oval. The ends of the elongate element may be 
touching or may be apart in the second state. One end 
of the elongate element may be tucked behind the other 
in the second state, touching or not touching 
30 [0022] Preferably the elongate element is formed of a 
single piece of shape memory alloy. 
[0023] The shape memory alloy is preferably an alloy 
of titanium, most preferably with nickel. The shape 
memory alloy may be an alloy of copper and zinc and/ 
35 or aluminium. The shape memory alloy may be an alloy 
of iron and nickel. The shape memory alloy may be an 
alloy of copper, aluminium and nickel. The alloys may 
include other elements. 

[0024] The transition from second state to first state 
40 is preferably provided in the wamri state for the shape 
memory alloy. The transition from the first to second 
state is preferably provided in the warm state for the 
shape memory alloy. The elongate element may be 
brought into in the cold state, prior to or during insertion 
^5 and/or be in the cold state after insertion, at least tem- 
porarily, The transition from first state to second state 
may be caused by the elongate element passing from 
the cold state to the warm state in the patient. The pas- 
sage from cold state to warm state may be be caused 
50 by body heat and / or external heating. 

[0025] The transition from second to first state is pref- 
erably achieved by the application of stress to the elon- 
gate element. The transition from first to second state is 
preferably achieved by the removal of the application of 
55 stress to the elongate element. 

[0026] The shape memory alloy preferably undergoes 
pseudo-plastic deformation during the transition from 
first to second state. The transition from first to second 
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state preferably involves a strain of less than 1 0% for 
any part of the elongate element, more preferably the 
elongation is less than 8% for any part. 
[0027] The elongate element preferably has a thick- 
ness, for instance perpendicular to the vertical in use, 
of less than 2mm and more preferably of less than 
1 .5mm. A thickness of between 1mm and 1 .5mm is pre- 
ferred. 

[0028] The elongate element may have a constant 
thickness throughout its length and/or width. The elon- 
gate element may be provided with one or more reduced 
thickness portions. The reduced thickness portion or 
portions may be provided by recesses and/or notches 
and/or grooves in the elongate element. Preferably the 
surfaces defining the elongate element and feature de- 
fining the reduced thickness portion are connected by 
rounded surfaces. The reduced thickness portion may 
have an extent along the elongate element at that re- 
duced thickness. The feature defining the reduced thick- 
ness portion may include a curved portion linking the 
elongate element at normal thickness to the elongate 
element at reduced thickness, with a further curve link- 
ing the reduced thickness to the normal thickness of the 
elongate element. Preferably the feature defining the re- 
duced thickness portion is provided on the outside sur- 
face of the elongate element. The feature defining the 
reduced thickness portion preferably extends through- 
out the width of the elongate element. The features de- 
fining the reduced thickness portion may be regularly 
spaced along the length of the elongate element. The 
features defining the reduced thickness portion or por- 
tions may be irregularly spaced along the length of the 
elongate element. In particular, the features defining the 
reduced thickness portion may be preferentially provid- 
ed in the portion of the elongate element which under- 
goes the greatest change, even the change, in profile 
between the first and second state. The features defin- 
ing the reduced thickness portion may be less frequently 
provided or absent from the portion or portions of the 
elongate element undergoing least or no change in pro- 
file between the first and second state. 
[0029] Where the elongate element includes one or 
more reduced thickness portions and / or one or more 
enhanced thickness portions, it is preferred that the 
elongate element have a minimum thickness, in the re- 
duced thickness portions, of at least 0,4mm. It is pre- 
ferred that the elongate element has a maximum thick- 
ness, in the non-reduced thickness portions, or en- 
hanced thickness portions of at most 3mm. 
[0030] The maximum extent of the elongate element, 
measured from any point to any other in a straight line, 
is preferably less than 50mm, more preferably less than 
40mm and ideally less than 35mm. The maximum ex- 
tent of the elongate element, measured from any point 
to any other in a straight line, is preferably at least 7mm, 
more preferably at least 10mm and Ideally at least 
12mm. 

[0031] One or both ends, preferably only the trailing 



end during insertion, of the device may be provided with 
an engagement profile, the engagement profile is pref- 
erably used to link the device to a surgical instrument, 
particularly a surgical instrument for inserting the de- 
5 vice, the engagement profile preferably provides an en- 
gagement with the instrument during insertion and / or 
removal and /or manipulation and /or advancement and 
/or retraction of the device. 

[0032] The engagement profile preferably provides 
one or more surfaces, at least in part, facing away from 

the other end of the device. Such a surface may provide 
an abutment surface during insertion, The engagement 
profile preferably provides one or more surfaces, at least 
in part, facing the other end of the device. Such a surface 
may provide an abutment surface during retraction and 
/ or manipulation. 

[0033] The engagement profile may include a surface 
extending from the end of the device, a second surface 
extruding from the end of the device and a third surface 
linking the two. The third surface may be generally par- 
allel to the end of the device. The first and second sur- 
faces are preferably non-perpendicular to the end of the 
device and / or non-parallel to one another. The engage- 
ment profile may define a protruding dovetail from the 
end of the device, ideally defined by the first, second 
and third surfaces. 

[0034] The engagement profile may include a recess 
in the device defined by a first surface extending into the 
device, a second surface extending into the device and 
a third surface linking the two. The third surface may be 
generally parallel to the end of the device. The first and 
second surfaces are preferably non-perpendicular to 
the end of the device and / or non-parallel to one anoth- 
er. The engagement profile may define a recessed 
dovetail, ideally defined by the first, second and third 
surfaces. 

[0035] The invention may be a vertebral-column de- 
vice / prosthesis, suitable to be received in an interver- 
tebral space between two dorsal vertebrae, said pros- 
thesis comprising a curved strip of biocompatible mate- 
rial and the width of said strip being such that after place- 
ment said strip makes contact with the aforementioned 
vertebrae, characterised in that the strip is manufac- 
tured from a material that can undergo great elastic de- 
formations before permanent deformation arises, and 
the strip is curved in a shape in which the extremities 
are situated apart from one another and the radius of 
the bent parts and the thickness of the strip are chosen 
in such a way that when the strip is bent out into an ap- 
proximately straight strip scarcely any permanent defor- 
mation arises, whereby the strip which has been bent 
out into an approximately straight strip is capable of be- 
ing introduced into an intervertebral space where the 
strip assumes its original curved shape, 
[0036] The strip may be manufactured from a shape 
memory alloy / memory material, such as an alloy of ti- 
tanium and nickel, which can undergo great deformation 
before permanent deformation arises. 
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[0037] The curved strip may have a U-shape. The 
curved strip may have a circular shape. The curved strip 
may have a spiral shape. The strip may have an oval 
shape. 

[0038] The strip may have a thickness of 1 .5 mm and 
the curved parts of the strip exhibit a radius of at least 
12.5 mm. Where the minimum thickness of the elongate 
element is less than 1.5mm, for instance, less than 
1 mm, the curved parts of the strip may exhibit a radius 
of at least 8mm. 

[0039] The strip may be provided with holes. The strip 

may have a gauze structure. 

[0040] The strip may have provided on its sides with 
projections which after the strip has been fitted in the 
intervertebral space come into contact with the two ver- 
tebrae bounding said space and fix the strip with respect 
to them. 

[0041] The device may exhibit the characteristic that 
the strip is manufactured from a material that can un- 
dergo great defomriations before pennanent deforma- 
tion arises, and the strip is curved in a shape in which 
the extremities are situated apart from one another and 
the radius of the curved parts as well as the thickness 
of the strip are chosen in such a way that when the strip 
is bent out into an at least approximately straight strip 
scarcely any permanent deformation arises, in which 
case the strip which has been bent out into an approxi- 
mately straight strip is capable of being introduced into 
an intervertebral space where the strip assumes its orig- 
inal curved shape. 

[0042] The material of the strip may, moreover, be 
constituted by a shape memory alloy / memory material 
such as an alloy of titanium and nickel. Such a material 
has, besides Its advantageous property that it delivers 
virtually constant force in the course of progressive de- 
formation, the additional property that it can undergo 
very great deformations of up to 6 % to 8 % without the 
material deforming permanently. 
[0043] In the case of the devices according to the in- 
vention, optimal use is made of the aforementioned 
properties by giving the strip such a curved shape that 
crosscut edges are obtained which form a bearing sur- 
face of the desired dimension for the vertebrae. Moreo- 
ver, the curves of the strip are given a radius such that, 
given the thickness of the strip which arises when the 
strip is bent out into a straight strip, scarcely any or no 
permanent deformations arise - that is to say, the defor- 
mations remain below the order of 6 % to 8 % straight 
can easily be inserted via a narrow slit-shaped incision 
into the intervertebral space where the strip then reas- 
sumes its original curved shape, Because the curved 
strip can have crosscut faces of substantial dimension 
in comparison with the crosscut faces of known devices, 
with the device according to the invention it is possible 
to use only one device which provides satisfactory load- 
bearing strength and stability in an intervertebral space. 
In this way the fitting of the device becomes simpler, be- 
cause only one small opening is necessary for the in- 



sertion, causing less trauma. Depending on circum- 
stances, the strip according to the invention can be 
curved in a U-shape, a circular shape, a spiral shape, a 
rectangular shape or any other desired shape. Another 
5 favourable design of the device according to the inven- 
tion exhibits the characteristic that the strip has a thick- 
ness of 1 .5 mm and the curved parts exhibit a radius of 
at least 1 2.5 mm. In this way it is ensured that when the 
strip is bent out into an almost straight sthp the defor- 
mation of the strip in the curved parts remains below 8 
%, so that no permanent deformation or scarcely any 
permanent deformation arises and the strip reassumes 
its original curved shape after its introduction into the 
intervertebral space. 

[0044] In order to promote a successful ingrowth and 

accretion of bone, according to a further embodiment of 
the devices according to the invention the strip is pro- 
vided with holes or the strip is designed in the form of a 
gauze. 

[0045] In order to fix the device well in its place after 
fitment in the intervertebral space, according to a further 
embodiment the strip is provided on its sides with pro- 
jections which come into contact with vertebrae bound- 
ing the space and consequently oppose a displacement 
with respect to them. 

[0046] In a preferred form the invention may provide 
an intervertebral fusion device, the device comprising 
an elongate element, the elongate element providing 
one or more upper load bearing surfaces and one or 
more lower load bearing surfaces, the upper and lower 
load bearing surfaces being vertically spaced from one 
another by the elongate element, the elongate element 
having a first state and a second state, the elongate el- 
ement having a substantially linear configuration in the 
first state and a less linear configuration In the second 
state, the elongate element being capable of transition, 
at least once, from the second state to first state and 
being capable of transition, at least once, from the first 
state to the second state, the elongate element being 
formed of a plurality of elongate components which at 
least in part extend alongside one another. 
[0047] The elongate element may be provided with a 
plurality of elongate components which contact one an- 
other over at least a part, preferably all, of their length, 
The elongate components may correspond to one an- 
other in form. The elongate components may be of 
matching form. The elongate components may be 
equivalent to one another. Three, four or five elongate 
components may be provided. The elongate compo- 
nents may be in the form of a plurality of equivalently 
configured strips, adjacent strips being in contact with 
one another. 

[0048] The elongate components are preferably con- 
nected together to form a single elongate element. The 
elongate components are preferably connected togeth- 
er at one end, particularly the end which Is Inserted first 
into the patient. The elongate components may be con- 
nected together by one or more fastenings. The elon- 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 206 227 B1 



10 



gate components may be joined together by one or more 
adhesive components. 

[0049] This aspect of the invention may include for its 
device any of the features, options or possibilities set 
out elsewhere in this document. 
[0050] The invention will now be described by way of 
example only, and with reference to the accompanying 
drawings, in which :- 

Figs. 1 a, b,c,d,e,f and g each show schematically, 
in two mutually perpendicular views, a shape of a 
device according to various embodiments of the in- 
vention; 

Fig. 2 shows, schematically and not to scale, an ex- 
ample of a vertebral column with a device according 
to the invention received therein; 

Fig. 3 shows schematically a further embodiment of 
the invention and comprising a bent-straight strip of 
a material, preferably memory material, which can 
undergo great deformations before permanent de- 
formation arises; 

Fig. 4 shows In cross-section, schematically and not 
to scale, one embodiment of an apparatus for in- 
serting a device according to the invention into an 
intervertebral space; 

Fig. 5 shows a cross-section of the apparatus end 
according to Figure 4 along line V-V; 

Figures 6a and b illustrate two further embodiments 
of devices according to the invention; 

Figure 7 illustrates an alternative embodiment of 
apparatus for inserting a device according to the in- 
vention into an intervertebral space; 

Figure 8 illustrates the elongation with stress be- 
haviour of memory metals during deformation and 
relaxing; 

Figure 9a shows a partial view of two vertebrae and 
the end of an apparatus for dispensing a device ac- 
cording to the invention in the position in which it is 
initially inserted; 

Figure 9b shows the partial view of Figure 9a with 
the apparatus rotated to the position in which the 
device is dispensed; 

Figure 10 shows schematically an alternative de- 
vice according to an alternative fomn of the present 

invention; 

Figures 11a, 11b and 1 1 c show three different situ- 
ations in which a pair of devices according to the 



invention are inserted between a pair of vertebrae; 
and 

Figure 12 illustrates a detail of one end of a device 
5 according to yet another embodiment of the present 
invention. 

[0051] In Figure laa device according to the invention 
is shown in the form of a strip 1 of shape memory alloy, 
10 commonly known as memory material or metal, which 
exhibits a circular shape. 

[0052] In Figure 1 b a device is shown consisting of a 
strip 1 of memory material which has a spiral shape. 
[0053] In Figure 1 c a device is shown which compris- 
es es a strip 1 of memory material which has a U-shape. 
[0054] In Figure 1 d a device is shown with a strip 1 of 
memory material which has the shape of an oval. 
[0055] In Figure 1 e a device is shown with a strip 1 of 
memory material which has an overall partial circular 

20 form, but in which the strip is also provided with a wave- 
form along its length. The strip thus extends beyond and 
within, alternately, the dotted line circular profile. One of 
the key features for such a form of the device is that the 
thickness of the material at any point is not increased 

25 (thus maintaining flexibility) whilst the overall length of 
material inserted in a given location is increased. This 
in turn increases the surface area of the top and bottoms 
of the strip which are available to support the vertebrae 
in use. Equivalent bearing surfaces can effectively be 

30 provided, using such a profile, to a device as illustrated 
in Figure 1 a, for instance, but with a thinner strip of ma- 
terial being used. The waveform also provides en- 
hanced flexibility. Good flexibility for the device to ease 
insertion and good support capabilityforthe device once 

35 positioned are thus both ensured. Such device fomns 
may also be beneficial in the stored state, prior to use, 
where lower constraining forces may be needed to keep 
the device in the form ready for dispensing; in this case 
a waveform extending linearly as shown in the bottom 

40 of the three views of Figure 1 e. 

[0056] In Figure If again a device is shown in the form 
of a strip 1 of memory material which has a circular form. 
In this case the strip has a series of notches la in its 
external surface. The notches la have a maximum 

45 depth, into the thickness of the strip, of around 50% the 
thickness of the strip. The notches 1 a extend across the 
full width of the strip in substantially the same profile and 
are evenly spaced along the length of the strip. The 
notches 1 a in such a device provide locations to prefer- 

50 entially accommodate the deformation of the strip in the 
pre-dispense form. The remainder of the strip provides 
a significant thickness, and hence top and bottom sur- 
face areas, to achieve the desired level of support for 
the vertebrae they contact in use. Again a successful 

55 balance of flexibility to allow insertion and support area 
to maintain the separation of vertebrae is provided. The 
bottom illustration of the three in Figure If shows the 
device in its linear profile, suitable for dispense. 
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[0057] In Figure 1g another strip 1 is illustrated, on 
this occasion with a non-rectilinear cross-section in cer- 
tain parts 1c. In these parts 1c the top and bottom load 
bearing surfaces of the strip 1 are extended. Between 
the expanded parts are recti linear cross-sectioned parts 
Id. It Is at these parts 1 d that most of the bending occurs 
during the transition from the first to second state and 
vice-versa. This linear C-shaped cross-section offers 
expanded support capability through increased bearing 
area, but still maintains flexibility. 
[0058] The strip 1 of the foregoing figures is manufac- 
tured from a shape memory alloy which is constituted 
by an alloy of copper and zinc or titanium and nickel or 
nickel and iron. Shape memory alloys, due to their pseu- 
do-plastic behaviour, has the property that it can under- 
go deformations of up to 8 % before it exhibits perma- 
nent deformations. By giving a strip of this material a 
thickness and radii of curvature so that in the course of 
its being bent out into a straight strip no deformations of 
more than 8 % arise, such a strip will reassume its orig- 
inal curved shape after being bent out into a straight strip 
and subsequently released. In practice, therefore, the 
devices according to Figures 1 a, b, c, d, e, f and g can 
be manufactured from a strip with a thickness of ideally 
1 .5 mm and the radii of curvature of the curved parts are 
ideally greater than 12.5 mm where a uniform thickness 
of strip is used. In the cases where reduced thickness 
portions are provided for the strips, the thickness could 
be considerably thinner, for instance down to 0.4mm, at 
those reduced thickness locations. The radius of curva- 
ture may also be less in such cases, for instance greater 
than 8mm. In this way, these strips will always resume 
their original shape after being deformed. This means 
that, after being deformed into an almost straight strip, 
such devices can be introduced, via a narrow slit made 
in the spine bounding the intervertebral space, into said 
intervertebral space where they then resume their orig- 
inal shape. In that position the end faces 2 and 3 then 
come into contact with the adjacent vertebrae, in which 
case the strip then performs a supporting and stabilising 
function for these vertebrae and thus takes over the 
load-bearing function of the intervertebral disc until bone 
fusion has come about. Byvirtue of the fact that the over- 
all transverse dimension of this type of device can be 
fairly large, it is possible for the fitting of only one pros- 
thesis to suffice. 

[0059] An example of a device of the type according 
to the invention which is fitted in the intervertebral space 

of a vertebral column is shown schematically in Figure 2. 
[0060] A strip 1 in the deformed state, is shown in Fig- 
ure 3, wherein it is further indicated that such a strip may 
possibly also be provided with edges 4 and 5 which are 
not smooth but serrated. These serrated edges ensures 
that after placement of the device the latter remains well 
positioned with respect to the vertebrae making contact 
with it. The strip may possibly also be provided with 
holes 6 which promote the ingrowth and accretion of 
bone. 



[0061] For introduction of the strip 1, use may be 
made of apparatus according to Figure 4. Said appara- 
tus comprises atubular part 7 which, as shown in Figure 
5, has a rectangular cross-section in which a strip 1 , 

5 which has been deformed straight, can be received. On 
the end of the strip there rests a pressing-out block 8 
which is provided on a long rod 9. Fastened to the rod 
9, with some clearance, is a plate 10. whereby a spring 
11 which presses said plate against one end of a rotat- 

10 able operating lever 12 acts on one side of said plate. 
On the other side of the lever a spring 13 which presses 
a blocking lever 14 into its blocking state is fitted in the 
apparatus. 

[0062] The operation of the apparatus is as follows. 

15 By pressing the plate 10 to the right with the lever 12 
said plate will tilt and thereby be locked onto the rod 9, 
which is moved to the right by further movement of the 
lever 12, as a result of which the block 8 will press the 
strip 1 outwards. By now moving the lever back to the 

20 left, the plate 10 will also move back with it. Moreover, 
the rod 9 remains in its place by virtue of the fact that 
movement thereof to the left is blocked by the blocking 
lever 14. In this way, by moving the lever 12 back and 
forth a number of times, the strip 1 will be pressed in 

25 stepwise manner out of the receiving tube 7 into an in- 
tervertebral space, for example. Afterthe strip has been 
pressed out of the tube, the block 8 and the rod 9 can 
be brought back into their initial position by pressing on 
the blocking lever, as a result of which the blockage is 

30 cleared and the rod with the block 8 can be moved to 
the left. 

[0063] Further potential embodiments for the device 
are illustrated in Figures 6a and 6b. In Figure 6a a strip 
20 of material is provided with apertures 22 in the solid 

35 wall of the strip and indentations 24 in the upper and 
lower surface of the strip. The indentations 24 leave an 
upper load bearing surface 26 and lower load bearing 
surface 28 which due to their reduced surface area of- 
fers resistance to movement of the strip relative to the 

40 vertebrae. In the Figure 6a embodiment the strip is of 
greater height on one side of the curve (side A in Figure 
6a) compared with the other side of the curve (side B in 
Figure 6a). In effect side B is the location on the strip 
where the opening between the two ends is provided, 

45 The different heights for the strip at different locations 
and a gradual tapering between the two on both upper 
and lower load bearing surfaces provides a closer match 
between the device and the attitude of the vertebrae in 
practice. The angle, a, defined by a projection oftheup- 

50 per and lower surfaces, may be between 8 and 1 2° and 
is preferably 10°. 

[0064] A similar embodiment of the device is illustrat- 
ed in Figure 6b, but in this case the upper and lower load 
bearing surfaces are parallel to one another 
55 [0065] It is highly desirable that the device is formed 
of a single layer of material as this avoids the risk of 
delamination, relative movement or other issues which 
arise with multi layer materials. Strips of between 1 and 
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1 .5mm in thickness can be used to provide sufficiently 
resilient devices which are capable of being straight- 
ened to a linear profile. A radius of approximately 15mm 
Is preferred to effect a suitable fusion device using a sin- 
gle device. 

[0066] It Is preferred that the device is relatively flex- 
ible to forces exerted in the plane of the Intervertebral 
space /intervertebral disc. However, the height of the de- 
vice and / or the height of the separation between ver- 
tebrae it maintains does not vary. 
[0067] I n the alternative embodiment of the apparatus 
Illustrated In Figure?, the permanent barrel of the Figure 
4 embodiment is replaced by a disposabletube 30 which 
can be releasably fastened on to the end of the appara- 
tus 32 by screw threaded portions 33. The device 34 is 
provided within the tube 30 and is sealed at both ends 
by barriers 36. The device 34, therefore, Is provided to 
the apparatus in a fully sealed manner which maintains 
It sterile during transport and dispensing. 
[0068] In use, In a similar manner to the description 
above for the Figure 4 embodiment, the piston 38 is ad- 
vanced in the apparatus and pushes through the barrier 
36 to contact the end 40 of the device 34 as a result, 
Continued advancement of the piston 38 pushes the de- 
vice 34 forward and causes it to rupture the barrier 36 
and thereafter pass into the intervertebral space. 
[0069] The use of shape memory alloys. Including 
memory metals, Is advantageous during the dispensing 
process. Whilst the walls of the tube containing the de- 
vice are used to restrain it during dispensing, once clear 
of the end of the tube the device begins to resume Its 
original profile. The pseudo-elastic properties of mem- 
ory metal materials, as illustrated in Figure 8, mean that 
there Is a "delay" in the shape memory alloy resuming 
its configuration as the stress is removed. Because of 
this, shape memory alloys are far easierto dispense us- 
ing such apparatus than other materials which would Im- 
mediately return to their original configuration upon re- 
moval of the stress. The applicability of the invention is 
not dependant on this possibility. 
[0070] To insert devices according to the present in- 
vention, a small incision Is made and the disc In the In- 
tervertebral space for which fusion is to be effected is 
removed. The size of the incision is minimised to mini- 
mise surgical trauma. Subsequent to the disc's removal 
the end of the apparatus for dispensing the device is 
Inserted into the aperture through which the disc has 
been removed. The end of the device is inserted with 
the device in a substantially flat orientation, see Figure 
9a and is slowly rotated about Its length to the orientation 
of Figure 9b. In this way the external surface 50 of the 
apparatus abuts the vertebrae as the apparatus is rotat- 
ed, with continued rotation Increasing the separation of 
the vertebrae to the desired level where the device can 
be Introduced easily. The separation of the vertebrae 
may be assisted by the use of spreader blocks. 
[0071] In addition to the above mentioned technique 
in which the device is straightened and then restrained 



during insertion to maintain it in the linear profile, it is 
possible to make use of the different properties of shape 
memory alloys in their respective cold state and warm 
state. In the warm state it Is possible to straighten and 

5 physically restrain in a position a normally curved strip. 
If the temperature of the strip Is then reduced, the de- 
formation can be fixed using the cold state forthe shape 
memory alloy. In this cold state the device can then be 
introduced Into the intervertebral disc space, with the 

10 warmth of the body into which the device is inserted 
causing the device to warm up once more and pass from 
the cold state to warm state, whereupon the device as- 
sumes its original curved configuration. The warming 
process can be assisted beneficially by external heating 

15 of the device. The device may be heated up to between 
40°C and 50°C and then allowed to cool, The hysteresis 
curve for the memory metal gives benefits In such a 
case. 

[0072] Whilst the invention is particularly concerned 

20 with the use of shape memory alloys to achieve the de- 
sired balance of flexibility and support in a spinal fusion 
device, some of the benefits of the invention can be ob- 
tained through the use of carefully configured conven- 
tional materials, i.e. elastic materials. To achieve the aim 

25 of inserting the device through a small Insert in the spine 
the device, Figure 1 0, is once again provided in the form 
of a strip 1 00 which assumes a U-shaped profile In use. 
To achieve the desired level of support: in use from such 
materials a significant upper and lower surface area 

30 needs to be provided. With conventional material, how- 
ever, this results in a strip which is insufficiently flexible 
to be placed In a linear, pre-dispensed form, If a single 
piece of material is used. To overcome this the device 
in this embodiment is formed of a series of thinner strips 

35 102 which arejoinedtogether by fixing piece 104 at one 
end. In use this is the end which is inserted into the pa- 
tient first. The thicknesses of the individual strips and 
their ability to move relative to one another allows them 
the desired degree of flexibility. 

40 [0073] In the various embodiments as described 
above a single device is inserted between a pair of ver- 
tebrae to facilitate fusion thereof. In some cases, such 
as osteoporosis, a greater level of bearing surface 
needs to be provided and this can be achieved using 

45 the present invention through two or more devices being 
deployed between a pair of vertebrae. Three potential 
configurations for such deployments are illustrated In 
Figu res 1 1 a, 1 1 b and 1 1 c. I n each case the main aim of 
minimum invasion is achieved. In Figure 11 a the two de- 

50 vices 200 are provided in the same configuration, but 
alongside one another. In the Figure 11b situation the 
two devices 200 are provided with a part of each device 
within the outline of the other. In the Figure 11c situation 
one of the devices 200 is used to obstruct the gap be- 

55 tween the two ends of the other device 200. Configura- 
tions such as this mechanically assist the retention of 
bone graft material In the fusion site. 
[0074] Whilst the device can readily be used using ap- 
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paratus, such as that illustrated in Figure 4, which facil- 
itates insertion only of the device. It may be desirable in 
some cases, however, to be able to manipulate the de- 
vice after insertion and/or to remove it. This may even 
include removal of the device from the spine entirely by 
retracting it into the apparatus. This may cause the de- 
vice to assume the first state once more, from the sec- 
ond state. To this end Figure 12 illustrates a modified 
end portion 300 for a device 302 of the type described 
above, and a cooperating part 304 of the dispensing ap- 
paratus. 

[0075] The end portion 300 of the device 302 has a 
recess with a reduced width portion 306 and expanded 
width portion 308 which together form a dove tail. The 
maximum width of the portion 308 is less than the nor- 
mal width 310 of the device 300 so as not to increase 
the extent of invasion during surgery. By providing a cor- 
responding protrusion 31 2 to the dove tail in the coop- 
erating part 304 of the dispensing apparatus a good en- 
gagement between the two can be provided. 
[0076] As described above, advancing the driving part 
of the apparatus causes the device 302, during implan- 
tation, to be advanced into the patient, by means of the 
cooperating part 304 and dove tail cooperation. If the 
surgeon wishes to retract the device 302, however, that 
is possible using this type of cooperation as any retrac- 
tion of the cooperating part 304 of the device results in 
withdrawal of the device 302. This may even include 
transferring the device from the second state back to the 
first state by withdrawing it entirely to within the surgical 
apparatus. Similarly manipulative movements can be 
conveyed from the apparatus to the cooperating part 
304 and hence to the device 302 in the patient. 
[0077] Various means, from simply moving the whole 
apparatus to retracting the cooperating part 304 into the 
apparatus, can be used to effect the retraction and/or 
manipulation of the device 302. 
[0078] From the foregoing embodiments it should be 
clear that the invention provides a device which can 
have a large transverse dimension, so that the fitting of 
one such device in an intervertebral space should be 
able to suffice, it being possible for said device to be 
fitted through a relatively narrow slit and with a less dras- 
tic surgical intervention, It should also be clear that the 
device is constituted by a strip of memory material which 
may be curved in various ways, in which connection only 
a few of the possible embodiments are shown above by 
way of illustration. The term device should be taken as 
potentially interchangeable with the term prosthesis. 



Claims 

1. An intervertebral device, the device comprising an 
elongate element (1 ), the elongate element provid- 
ing one or more upper load bearing surfaces (2) and 
one or more lower load bearing surfaces (3), the up- 
per and lower load bearing surfaces (2,3) being ver- 



tically spaced from one another by the elongate el- 
ement (1), the elongate element (1) having a first 
state and a second state, the elongate element (1) 
having a substantially linear configuration in the first 
5 state and a less linear configuration in the second 
state, the elongate element (1) being capable of 
transition, at least once, from the second state to 
first state and being capable of transition, at least 
once, from the first state to the second state, char- 
10 acterised in tiiat the device is an intervertebral fu- 
sion device, the elongate element is rigid in a direc- 
tion parallel to the vertical spacing of the upper and 
lower load bearing surfaces so that the height of the 
device does not vary in use, and the elongate ele- 
15 ment (1 ) is of a shape memory alloy. 

2. A fusion device according to claim 1, in which, in 
the second state, the ends of the elongate element 
are apart and a bone graft material receiving space 

20 is so provided within the outline of the device. 

3. A fusion device according to claim 1 or claim 2, in 
which the thickness of the device, perpendicular to 
the direction parallel to the vertical spacing of the 

25 upper and lower load bearing surfaces, is at most 
3mm and the maximum extent of the device is less 
then 50mm. 

4. A fusion device according to any preceding claim, 
30 in which the shape memory alloy is an alloy of at 

least titanium and nickel. 

5. A fusion device according to any preceding claim, 
in which the upper and/or lower load bearing sur- 

35 faces (2,3) have formations adapted to enter the 
vertebrae in use. 

6. A fusion device according to any preceding claim, 
in which a surgical instrument engagement profile 

40 (306, 308) is provided at one end of the device (302) 

7. A fusion device according any preceding claim, in 
which the first state provides a linear configuration 
for the elongate element (1). 

45 

8. A fusion device according to any preceding claim, 
in which the first state provides a configuration in 
which one end of the elongate element (1 ) is further 
from the other end of the elongate element (1), 

50 measured along a straight line, than from any other 
part of the elongate element (1), the device having 
a waveform configuration. 

9. A fusion device according to any preceding claim, 
55 in which the second state provides a configuration 

in which at least a part of the elongate element (1) 
is curved. 
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10. A fusion device according to any preceding claim, 
in which the second state provides a configuration 

in which at least part of the elongate element (1) is 
provided as a waveform and/or undulating strip. 

11. A fusion device according to any preceding claim, 
in which in the second state the elongate element 
(1 ) has a configuration which is a part circle and/or 
full circle and/or spiral and/or U-shape and/or a part 
oval and/or full oval. 

12. A fusion device according to any preceding claim, 
in which the elongate element (1) has a different 
thickness at one or more locations (la) along its 
length than at other locations along its length, the 
reduced thickness locations extend across the full 
width of the elongate element (1). 

13. A fusion device according to claim 12, in which the 
reduced thickness locations are provided by 
grooves (1a) in the elongate element (1). 

14. Afusion device according to claim 12 or 13, in which 
the reduced thickness portions are preferentially 
provided in the portion or portions of the elongate 
element (1) which undergo a change in profile dur- 
ing the transition from first to second state com- 
pared with the portion or portions of the elongate 
element (1 ) which undergo no or a lesser change in 
profile during the transition from the first to second 
state. 

15. A fusion device according to any preceding claim, 
in which the elongate element (1) has a thickness 
of less than 3mm. 

16. A fusion device according to any preceding claim, 
in which the maximum extent of the elongate ele- 
ment (1), measured from any point to any other in 
a straight line, is less than 50mm, when considered 
in the second state. 

17. A fusion device according to any preceding claim, 

in which the elongate element (1) has a non-recti- 
linear cross section at one or more locations (1c) 
along its length, a rectilinear cross section being 
provided at a location (1 d) between those locations 
(1c) of non-rectilinear cross section. 



bearing surface or surfaces (3), the upper and lower 
load bearing surface and/or one or more of the up- 
per and lower load bearing surfaces (2,3) being par- 
allel to one another. 

5 

20. A fusion device according to any preceding claim, 
in which the elongate element (1 ) has an upper load 
bearing surface or surfaces (2) and / or a lower load 
bearing surface or surfaces (3) which are provided 

10 with serrations or spikes (4). 

21 . A fusion device according to any of claims 1 to 1 8, 
in which the upper and lower load bearing surface 
and/or one or more of the upper and lower load 

15 bearing surfaces (26, 28) are angled relative to one 
another, the angle (a) between a projection of the 
upper load bearing surfaces and/or at least one of 
the upper load bearing surfaces (26) and the lower 
load bearing surface and/or at least one of the lower 

20 load bearing surfaces (28) being 5° to 15°. 

22. Afusion device according to any of claims 1 9 to 21 , 
in which the vertical spacing of the upper and lower 
load bearing surface or surfaces (2,3) is between 

25 7mm and 20mm. 

23. Afusion device according to any of claims 1 9 to 22, 
in which the minimum vertical spacing is more than 
4mm. 

30 

24. Afusion device according to any preceding claim, 
in which the elongate element (1) has one or more 
holes in it, the holes being round and/or oval and/ 
or triangular and/or diamond shaped. 

35 

25. A fusion device according to any preceding claim, 
in which at least one end of the elongate element is 
provided with an engagement profile (306, 308), the 
engagement profile (308,306) defining a dovetail. 

40 

26. Afusion device according to any preceding claim, 
in which the elongate element (1 ) is fonned of a plu- 
rality of elongate components (102) which at least 
in part extend alongside one another. 

45 

27. A fusion device according to claim 26, in which the 
elongate components (1 02) correspond to one an- 
other in fomn. 



18. A fusion device according to claim 17, in which the 
non-rectilinear cross section (1c) provides an in- 
creased thickness portion at the upper load bearing 
surface (2) and at the lower load bearing surface (3) 
of the elongate element (1). 

19. A fusion device according to any preceding claim, 
in which the elongate element (1 ) has an upper load 
bearing surface or surfaces (2) and a lower load 



50 28. Afusion device accordingto claim 26 or27, in which 
the elongate components (1 02) are in the form of a 
plurality of equivalently configured strips, adjacent 
strips being in contact with one another. 

55 29. Afusion device according to any of claims 26 to 28, 
in which the elongate components (102) are con- 
nected together to form a single elongate element, 
the elongate components being connected together 
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at one end (104). 

30. A fusion device according to any preceding claim, 
in which the elongate element (1 ) has first and sec- 
ond ends and a substantially non-linear configura- 5 
tion between the two ends. 

31. A fusion device according to claim 30, wherein the 
elongate element has a thickness and the substan- 
tially non-linear configuration defines a radius, and 
wherein the thickness and radius are predeter- 
mined so that, when the elongate element is 
straightened to form a substantially linear configu- 
ration, no deformations of more than 8% arise. 

32. A fusion device according to claim 31 , wherein the 
ratio of the radius to the thickness is at least 8:1 . 



Patentanspruche 20 

1. Bandscheibenvorrichtung, wobei die Vorrichtung 
ein langliches Element (1 ) aufweist, wobei das lang- 
liche Element eine oder mehrere obere eine Bela- 
stung tragende Oberflachen (2) und eine oder meh- 25 
rere untere eine Belastung tragende Oberflachen 

(3) aufweist, wobei die obere und untere eine Bela- 
stung tragende Oberflache (2, 3) durch ein langli- 
ches Element (1 ) vertikal voneinander beabstandet 
sind, wobei das langliche Element (1 ) einen ersten 30 
und einen zweiten Zustand aufweist, das langliche 
Element (1) eine im wesentlichen lineare Konfigu- 
ration im ersten Zustand und eine weniger lineare 
Konfiguration im zweiten Zustand aufweist, wobei 
das langliche Element (1) fiir zumindest einen ein- 35 
maligen Ubergang vom zweiten in den ersten Zu- 
stand und fur einen zumindest einmaligen Uber- 
gang vom ersten in den zweiten Zustand angepaf3t 
ist, dadurch gekennzeichnet, daB die Vorrichtung 
eine Bandscheibenverbindungsvorrichtung ist, das 40 
langliche Element in einer Richtung parallel zum 
vertikalen Abstand zwischen der oberen und unte- 
ren eine Belastung tragenden Oberflache steif ist, 
so daB sich bei einer Verwendung der Vorrichtung 
die Hohe nicht verandert, und das langliche Ele- 45 
ment (1) aus einer Formspeicherlegierung ist. 

2. Verbindungsvorrichtung nach Anspruch 1, bei der 

im zweiten Zustand die Enden des langlichen Ele- 
ments getrennt sind und ein Knochentransplantat- so 
material aufnehmenderRaum in der Kontur der Vor- 
richtung vorgesehen ist. 

3. Verbindungsvorrichtung nach Anspruch 1 oder 2, 
wobei der die Dicke der Vorrichtung senkrecht zur 55 
Richtung parallel zum vertikalen Abstand zwischen 
der oberen und unteren eine Belastung tragenden 
Oberflache hochstens 3 mm betragt und die maxi- 



male Erstreckung der Vorrichtung weniger als 50 
mm betragt. 

4. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspriiche, bei dem die Fomnspeicherle- 
gierung eine Legierung aus zumindest Titan und 
Nickel ist. 

5. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspriiche, bei der die obere und/oder un- 
tere eine Belastung tragende Oberflache (2, 3) 
Strukturen aufweisen, die dazu angepaBt sind, bei 
einer Verwendung in die Wirbel einzudringen. 

6. Verbindungsvorrichtung nach einem der vorherge- 

henden Anspriiche, bei der ein Eingriffsprofil fiir ein 
chirurgisches Instrument (306, 308) an einem Ende 
der Vorrichtung (302) vorgesehen ist. 

7. Verbindungsvorrichtung nach einem der vorherge- 

henden Anspriiche, bei der im ersten Zustand eine 
lineare Konfiguration fiir das langliche Element (1) 
vorgesehen ist. 

8. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspriiche, bei der im ersten Zustand eine 
Konfiguration vorgesehen ist, bei der gemessen 
langs einer geraden Linie ein Ende des langlichen 
Elementes (1) welter vom anderen Ende des lang- 
lichen Elements (1) entfernt ist als von irgendeinem 
anderen Tell des langlichen Elements (1), wobei die 
Vorrichtung die Struktur einer Wellenform aufweist. 

9. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspruche, bei der im zweiten Zustand eine 

Konfiguration vorgesehen ist, bei der zumindest ein 
Teil des langlichen Elementes (1) gekriimmt ist. 

10. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspruche, bei der im zweiten Zustand eine 
Konfiguration vorgesehen ist, in der zumindest ein 
Teil des langlichen Elementes (1) in einer Wellen- 
form und/oder als gewellter Strerfen vorgesehen ist. 

11. Verbindungsvorrichtung nach einem der vorherge- 
henden Ansprijche, bei der das langliche Element 
(1) im zweiten Zustand eine Konfiguration aufweist, 
die ein Teil eines Kreises und/oder ein voller Kreis 
und/oder eine Spirale und/oder eine U-Form und/ 
Oder ein Teil eines Ovales und/oder ein voiles Oval 
ist. 

12. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspriiche, bei der das langliche Element 
(1 ) an einem oder mehreren Orten (1 a) langs seiner 
Lange eine andere Dicke als an anderen Orten 
langs seiner Lange aufweist, wobei sich die Orte mit 
verringerter Dicke iiber die gesamte Breite des 
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langlichen Elementes erstrecken. 

13. Verbindungsvorrichtung nach Anspruch 12, bei der 
die Orte mit verringerter Dicke durch Rillen (1 a) im 
langlichen Elennent (1) gebildetsind. 

14. Verbindungsvorrichtung nach Anspruch 12oder 13, 
bei die Abschnitte verringerter Dicke vorzugsweise 
im Abschnittoderin den Abschnitten des langlichen 
Elements (1) vorgesehen sind, der (die) wahrend 
des Ubergangs vom ersten zum zweiten Zustand 
verglichen mit dem Abschnitt oder den Abschnitten 
des langlichen Elementes (1), welcher (welche) 
wahrend des Ubergangs vom ersten zum zweiten 
Zustand keine oder eine geringere Anderung im 
Profil erfahrt (erfahren), eine Anderung im Profil er- 
fahrt (erfahren). 

15. Verbindungsvorrichtung nach einem dervorherge- 
henden Anspruche, bei der das langliche Element 
(1 ) eine Dicke von weniger als 3 mm aufweist. 

16. Verbindungsvorrichtung nach einem dervorherge- 
henden Anspruche, bei der die maximale Erstrek- 
kung des langlichen Elementes (1), gemessen von 
irgendeinem Punktzu irgendeinem anderen Punkt 
langs einer geraden Linie, wenn es im zweiten Zu- 
stand betrachtet wird, weniger als 50 mm betragt. 

17. Verbindungsvorrichtung nach einem dervorherge- 
henden Anspruche, bei der das langliche Element 
(1) einen nicht geradlinigen Querschnitt an einem 
Oder mehreren Orten (1c) langs seiner Lange auf- 
weist, wobei ein geradliniger Querschnitt an einem 
Ort (1 d) zwischen diesen Orten (1 c) mit einem nicht 
geradlinigen Querschnitt vorgesehen ist. 

18. Verbindungsvorrichtung nach Anspruch 17, bei der 
der nicht geradlinige Querschnitt (1c) einen Ab- 
schnitt mit erhohter Dicke an der oberen eine Bela- 
stung tragenden Oberflache (2) und der unteren ei- 
ne Belastung tragenden Oberflache (3) des langli- 
chen Elements (1) aufweist. 

19. Verbindungsvorrichtung nach einem dervorherge- 
henden Anspruche, bei der das langliche Element 
(1 ) eine obere eine Belastung tragende Oberflache 
Oder Oberflachen (2) und eine untere eine Bela- 
stung tragende Oberflache oder Oberflachen (3) 
umfaf3t, wobei die obere und untere eine Belastung 
tragende Oberflache und/oder eine oder mehrere 
der Oberen und unteren eine Belastung tragenden 
Oberflachen (2, 3) parallel zueinander liegen. 

20. Verbindungsvorrichtung nach einem dervorherge- 
henden Anspruche, bei der das langliche Element 
(1 ) eine obere eine Belastung tragende Oberflache 
Oder Oberflachen (2) und/oder eine untere eine Be- 



lastung tragende Oberflache oder Oberflachen (3) 
umfafSt, die mit Kerbverzahnungen oder Spitzen (4) 
versehen sind. 

5 21 . Verbindungsvorrichtung nach einem der Anspruche 

1 bis 18, bei der die obere und untere eine Bela- 
stung tragende Oberflache und/oder eine oder 
mehrere der oberen und unteren eine Belastung 
tragenden Oberflachen (26, 28) im Verhaltnis zu- 

10 einander angewinkelt sind, wobei der Winkel (a) 
zwischen einer Projektion der oberen eine Bela- 
stung tragenden Oberflache und/oder zumindest 
einer der oberen eine Belastung tragenden Ober- 
flachen (26) und der unteren eine Belastung tragen- 

15 den Oberflache und/oder zumindest einer der unte- 
ren eine Belastung tragenden Oberflachen (28) 5° 
bis 15° betragt. 

22. Verbindungsvorrichtung nach einem der Anspruche 
20 1 9 bis 21 , bei der der vertikale Abstand zwischen 
der oberen und unteren eine Belastung tragenden 
Oberflache oder Oberflachen (2, 3) zwischen 7 mm 
und 20 mm liegt. 

25 23. Verbindungsvorrichtung nach einem der Anspruche 
19 bis 22, bei der der minimale vertikale Abstand 
mehr als 4 mm betragt. 

24. Verbindungsvorrichtung nach einem der vorherge- 
30 henden Anspruche, bei der das langliche Element 
(1) eines oder mehrere Offnungen darin aufweist, 
wobei die Offnungen rund und/oder oval und/oder 
dreieckig und/oder rautenformig geformt sind. 

35 25. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspruche, bei der zumindest ein Ende des 
langlichen Elementes mit einem Eingriffsprofil (306, 
308) versehen ist, wobei das Eingriffsprofil (308, 
306) einen Schwalbenschwanz definiert. 

40 

26. Verbindungsvorrichtung nach einem der vorherge- 
henden Anspruche, bei der das langliche Element 
(1) aus einer Mehrzahl langlicher Komponenten 
(102) gebildet Ist, die sich zumindest teilweise ne- 

45 beneinander erstrecken. 

27. Verbindungsvorrichtung nach Anspruch 26, bei der 
die langlichen Komponenten (102) einander in der 
Form entsprechen. 

50 

28. Verbindungsvorrichtung nach Anspruch 26 oder27, 
bei der die langlichen Komponenten (1 02) die Form 
einer Mehrzahl von aquivalent strukturierten Strei- 
fen aufweisen, wobei benachbarte Streifen in Kon- 

55 takt zueinander stehen. 

29. Verbindungsvorrichtung nach einem der Anspruche 
26 bis 28, bei der die langlichen Komponenten 
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(102) miteinander so verbunden sind, daB sie ein 
einziges langliches Element bilden, wobei die lang- 
lichen Komponenten miteinander an einem Ende 
(104) verbunden sind. 

30. Verbindungsvorrlclitung nacli einem der vorlierge- 
lienden Anspruche, be! der das langliche Element 
(1 ) ein erstes und ein zweites Ende und eine im we- 
sentliclien niclit lineare Struktur zwisclien den bei- 
den Enden aufweist. 

31. Verbindungsvorriclitung nach Anspruch 30, wobei 
das langliche Eiement eine Dicke aufweist und die 
im wesentlichen nicht lineare Struktur einen Radius 
definiert und wobei die Dicke und der Radius so vor- 
bestimmt sind, da3 wenn das langliche Element be- 
gradigtwird, um eine im wesentlichen lineare Struk- 
tur zu bilden, keine Defonnationen von mehrals 8% 
auftreten. 

32. Verbindungsvorrichtung nach Anspruch 31, wobei 
das Verhaltnis des Radius zur Dikke zumindest 8:1 
betragt. 



Revendications 

1 . Dispositif intervertebral , le dispositif comprenant un 
element allonge (1), I'element allonge proposant 
une ou plusieurs surfaces portantes superieures (2) 
et une ou plusieurs surfaces portantes inferieures 
(3), les surfaces portantes superieure et inferieure 
(2, 3) etant espacees verticalement I'une de I'autre 
par I'element allonge (1 ), I'element allonge (1 ) ayant 
un premier etat et un second etat, I'element allonge 
(1) ayant une configuration sensiblement lineaire 
dans le premier etat et une configuration moins li- 
neaire dans le second etat, I'element allonge (1) 
etant capable de transition, au moins une fois, du 
second etat au premier etat et etant capable de 
transition, au moins une fois, du premier etat au se- 
cond etat, caracterise en ce que le dispositif est 
un dispositif de fusion intervertebrale, I'element al- 
longe est rigide dans une direction parallele a i'es- 
pacement vertical des surfaces portantes superieu- 
re et inferieure, de sorte que la hauteur du dispositif 
ne varie pas lors de I'utilisation, et I'element allonge 
(1) en en alliage a memoire de forme. 

2. Dispositif de fusion selon la revendication 1, dans 
lequel, dans le second etat, les extremites de I'ele- 
ment allonge sent ecartees et un espace recevant 
le materiau de greffe osseuse est ainsi fourni a I'in- 
terieurdu profil du dispositif. 

3. Dispositif de fusion selon la revendication 1 ou la 
revendication 2, dans lequel I'epaisseurdu disposi- 
tif, perpendiculaire a la direction parallele a I'espa- 



cement vertical des surfaces portantes superieure 
et inferieure, est de 3 mm maximum et I'etendue 
maximum du dispositif est inferieure a 50 mm. 

5 4. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel I'alliage a 
memoire de forme est un alliage d'au moins titane 
et nickel. 

10 5. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel les surfaces 
portantes superieure et/ou inferieure (2, 3) ont des 
deformations adaptees pour penetrer dans les ver- 
tebres lors de I'utilisation. 

15 

6. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel un profil de 
miseen prise d'instrumentchirurgical (306,308) est 
prevu a une extremite du dispositif (302). 

20 

7. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes. dans lequel le premier 
etat fournit une configuration lineaire a I'element al- 
longe (1). 

25 

8. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel le premier 
etat fournit une configuration dans laquelle une ex- 
tremite de I'element allonge (1 ) est plus eloignee de 

30 I'autre extremite de I'element allonge (1), mesuree 
le long d'une ligne droite, que de toute autre partie 
de I'element allonge (1 ), le dispositif presentant une 
configuration en forme d'onde. 

35 9. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel le second 
etat fournit une configuration dans laquelle au 
moins une partie de I'element allonge (1) est incur- 
vee. 

40 

10. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel le second 
etat fournit une configuration dans laquelle au 

moins une partie de I'element allonge (1 ) est fournie 
45 en tant que bande en forme d'onde et/ou ondulee. 

11. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel dans le se- 
cond etat I'element allonge (1) presente une confi- 

50 guration qui est un cercle partiel et/ou un cercle 
complet et/ou en spirale et/ou en forme de U et/ou 
un ovale partiel et/ou un ovale complet. 

12. Dispositif de fusion selon I'une quelconque des re- 
55 vendications precedentes, dans lequel I'element al- 
longe (1 ) presente une epaisseur differente a un ou 
plusieurs endroits (la) sur toute sa longueur qu'a 
d'autre endroits sur toute sa longueur, les endroits 
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21. Dispositif de fusion selon I'une quelconque des re- 
vendications 1 a 1 8, dans lequel la surface portante 
superieure et inferieure et/ou une ou plusieurs des 
surfaces portantes superieures et inferieures (26, 

5 28) sont inclinees les unes par rapport aux autres, 
Tangle (a) entre une saillie des surfaces portantes 
superieures et/ou au nnoins une des surfaces por- 
tantes superieures (26) et la surface portante infe- 
rieure et/ou au nnoins une des surfaces portantes 

10 inferieures (28) etant de 5° a 15°. 

22. Dispositif de fusion selon I'une quelconque des re- 
vendications 19 a21 , dans lequel I'espacement ver- 
tical de la surface ou des surfaces portante(s) su- 

15 perieures et inferieures (2, 3) est situe entre 7 nnnn 
et 20 mm. 

23. Dispositif de fusion selon I'une quelconque des re- 
vendications 19a22, dans lequel I'espacement ver- 

20 tical minimum est superieur a 4 mm. 

24. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel I'element al- 
longe (1 ) presente un ou plusieurs trous a I'interieur, 

25 les trous etant ronds et/ou ovales et/ou triangulaires 
et/ou en forme de diamant. 

25. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel au moins 

30 une extremite de I'element allonge est pourvue d'un 

profil de mise en prise (306, 308), le profil de mise 
en prise (308, 306) definissant une queue d'aronde. 

26. Dispositif de fusion selon I'une quelconque des re- 
35 vendications precedentes, dans lequel I'element al- 
longe (1) est forme d'une pluralite de composants 
allonges (1 02) qui au moins en partie s'etendant les 
uns a cotes des autres. 

40 27. Dispositif de fusion selon la revendication 26, dans 
lequel les composants allonges (102) correspon- 
dent les uns aux autres pour ce qui est de la forme. 



a epaisseur reduite s'etendent a travers la largeur 
totale de I'element allonge (1). 

13. Dispositif de fusion selon la revendication 12, dans 
lequel les endroits a epaisseur reduite sontfournis 
par des rainures (la) dans r6l6ment allong6 (1). 

14. Dispositif de fusion selon la revendication 12 ou 13, 
dans lequel les parties a epaisseur reduite sont de 
preference fournies dans la partie ou les parties de 
I'element allonge (1) qui subit/subissent une modi- 
fication de profil pendant la transition du premier au 
second etat en comparaison avec la partie ou les 
parties de I'element allonge (1) qui ne subit/subis- 
sent pas ou peu de modification de profil pendant 
la transition du premier au second etat. 

15. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel I'element al- 
longe (1 ) presente une epaisseur inferieure a 3 mm. 

16. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel I'etendue 
maximum de I'element allonge (1), mesuree de 
n'importe quel point a n'importe quel autre point 
dans une ligne droite, est inferieure a 50 mm, lors- 
qu'elle est prise en compte dans le second etat. 

17. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel I'element al- 
longe (1) presente une coupe transversale non rec- 
tiligne a un ou plusieurs endroits (1c) surtoute sa 
longueur, une coupe transversale non rectiligne 
etant fournie a un endroit (1d) entre ces endroits 
(1c) de la coupe transversale non rectiligne. 

18. Dispositif de fusion selon la revendication 17, dans 
lequel la coupe transversale non rectiligne (1c) four- 
nit une partie a epaisseur accrue au niveau de la 
surface portante superieure (2) et au niveau de la 
surface portante inferieure (3) de I'element allonge 
(1). 

19. Dispositif de fusion selon I'une quelconque des re- 
vendlcations precedentes, dans lequel I'element al- 
longe (1 ) presente une surface ou des surfaces por- 
tante(s) superieure(s) (2) et une surface ou des sur- 
faces portante(s) inferieure(s) (3), la surface por- 
tante superieure et inferieure et/ou uneou plusieurs 
des surfaces portantes superieures et inferieures 
(2, 3) etant paralleles les unes aux autres. 

20. Dispositif de fusion selon I'une quelconque des re- 

vendications precedentes, dans lequel I'element al- 
longe (1) presente une surface ou des surfaces por- 
tante(s) superieure(s) (2) et/ou une surface ou des 
surfaces portante(s) inferieure(s) (3) qui sont pour- 
vues de dentelures ou de pointes (4). 



28. Dispositif de fusion selon la revendication 26 ou 27, 
45 dans lequel les composants allonges (102) sont 
sous la forme d'une pluralite de bandes configurees 
de maniere equivalente, des bandes adjacentes 
etant en contact les unes avec les autres. 

50 29. Dispositif de fusion selon I'une quelconque des re- 
vendications 26 a 28, dans lequel les composants 
allonges (1 02) sont connectes ensemble afin de for- 
mer un unique element allonge, les composants al- 
longes etant de preference connectes ensemble a 
55 une extremite (1 04). 

30. Dispositif de fusion selon I'une quelconque des re- 
vendications precedentes, dans lequel I'element al- 



so 



55 



14 



27 



EP 1 206 227 B1 



longe (1) presente une premiere et une seconde ex- 
tremite et une configuration sensiblennent non li- 
neaire entre les deux extremites. 

31 . Dispositif de fusion selon la revendication 30, dans 5 
lequel I'element allonge presente une epaisseur et 

la configuration sensiblement non lineaire definit un 
rayon, et dans lequel I'epaisseur et le rayon sont 
predetermines de sorte que, lorsque I'element al- 
longe est redresse pour former une configuration io 
sensiblement lineaire, aucune defonnation de plus 
de 8 % ne survient. 

32. Dispositif de fusion selon la revendication 31 , dans 
lequel le rapport du rayon sur I'epaisseur est au is 
moins de 8:1 . 
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(54) Kunstliche Bandscheibe 



(57) Die Erfindung bezieht sich auf eine kunstliche 
Bandsclieibe zunn Implantieren zwisclien zwei Wirbel- 
korper (W), umfassend zwei Endplatten (1,2), die einen 
mit etnenn elastisch und / oder plastiscli verformbaren 
Nucleus (3) ausgefullten Hohlraum (4) an zwei gegen- 
uberltegenden Seiten begrenzen, wobei der Holilraum 
(4) von einenn rohrfornnigen Faserring (5) derart um- 
schlossen ist, dass die Endplatten (1 , 2) zusammen mit 
dem Faserring (5) den Hohlraum (4) begrenzen und die 



Endplatten (1 , 2) mit dem Faserring (5) in zugfester Ver- 
bindung stehen. Der Faserring (5) ist dabei in radialer 
und axialer Richtung elastisch dehnbarausgefuhrt, wo- 
bei der Faserring (5) ein grosseres Elastizitatsmodul als 
der Nucleus (3) aufweist und der Nucleus (3) und der 
Faserring (5) derart zusammenwirken, dass die elasti- 
schen Eigenschaften derkunstlichen Bandscheibe min- 
destens in Bezug auf eine Kompressionskraft (F) mit zu- 
nehmender Verformung ein nicht-lineares Verhalten 
zeigen. 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 287 795 A1 



2 



Beschreibung 

[0001] Die Erfindung betrifft eine kunstliche Band- 
scheibe gemass dem Oberbegriff des unabhangigen 
Anspruchs 1 . 

[0002] Die Bandscheibe ubernimmt in der Wirbelsau- 
le gleich mehrere zentrale Funktionen. Sie wirkt als 
Dampfer Abstandskorper und auch als Gelenk zwi- 
schen den Wirbelkorpern. Entsprecliend vielscliichtig 
sind die Anforderungen, die an ein Implantat zu stellen 
sind, das in seiner Funktion als kunstliche Bandscheibe 
als Ersatz fur eine naturliche Bandscheibe dienen soli. 
So muss die kunstliche Bandscheibe selbstverstandlich 
aus biokompatiblen Materialien aufgebaut sein und als 
Dauerimplantatfur den Patienten nnoglichst lebenslang 
ihre Funktion erfullen. Neben dereinfachen Funktion als 
Abstandskorper muss die kunstliche Bandscheibe ins- 
besondere die in der Wirbelsaule auftretenden Stos- 
skrafte wirksam abfedern konnen, damit die Wirbel nicht 
uberlastet werden, ohnedabeijedoch die Wirbeibeweg- 
lichkeit merklich zu behindern. Dm die natiirltchen 
Dreh-, Kippund Schubbelastungen, wie sie in der Wir- 
belsaule typischerweise auftreten, geeignet ableiten zu 
konnen, muss eine teste Verbindung zwischen der 
kunstlichen Bandscheibe und angrenzendem Wirbel 
gewahrleistet sein. 

[0003] Insbesondere an die elastischen Eigenschaf- 
ten der kunstlichen Bandscheibe, sowoh! was deren 
Verhalten bzgl. Torsions-, Biege- und Schubbelastun- 
gen, als auch in Bezug auf Druckbelastungen angeht, 
sind somit hochste Anforderungen zu stellen. Insge- 
samtbedeutetdas,dass diemechanischen Eigenschaf- 
ten der kunstlichen Bandscheibe moglichst Identisch 
denjentgen der naturlichen Bandscheibe nachzubilden 
sind. 

[0004] Zur Nachahmung der naturlichen Eigenschaf- 

ten einer Bandscheibe sind zahlreiche Losungsansatze 
bekannt. So sind kunstliche Bandscheiben mit der EP- 
0 346 269 B1 bekannt, die aus zwei gegenuber ange- 
ordneten Endplatten bestehen, die uber ein Wellrohr 
verbunden und mit einem viskoelestischen Material ge- 
fulltslnd. Das bisher ungeloste Problem solcher Anord- 
nungen besteht jedoch unter anderem darin, die pas- 
sende, d.h. die naturliche, stark nicht-lineare, Charak- 
teristik einer Bandscheibe im ubiichen Belastungsbe- 
reich fur Druck-, Zug-, Schub-, Biege-, Flexions- und 
Torsionsbeanspruchungen bei einer kunstlichen Band- 
scheibe nachzubilden. 

[0005] Die Aufgabe der Erfindung ist es daher, eine 
kunstliche Bandscheibe vorzuschlagen, welche die 
komplexen elastischen Eigenschaften einer naturlichen 
Bandscheibe moglichst exakt nachbildet. 
[0006] Die diese Aufgabe losende kunstliche Band- 
scheibe ist durch die Merkmale des unabhangigen An- 
spruchs 1 gekennzeichnet. Die abhangigen Anspruche 
beziehen sich auf besonders vorteilhafte Ausfiihrungs- 
formen der Erfindung. 

[0007] Die erfindungsgemasse kunstliche Band- 



scheibe zum Implantieren zwischen zwei benachbarte 
Wirbelkorper umfasst zwei Endplatten, die einen mit ei- 
nem elastisch und / oder plastisch verformbaren Nucle- 
us ausgefullten Hohlraum an zwei gegenuberliegenden 

5 Seiten begrenzen. Dabei ist der Hohlraum von einem 
rohrformigen Faserring derart umschlossen, dass die 
Endplatten zusammen mit dem Faserring den Hohl- 
raum begrenzen und die Endplatten mit dem Faserring 
in zugfester Verbindung stehen. Der Faserring ist in ra- 

10 dialer und axialer Richtung elastisch dehnbar ausge- 
fuhrt, wobei der Faserring ein grosseres Elastizitatsmo- 
dul als der Nucleus aufweist Der Nucleus und der Fa- 
serring wirken derart zusammen, dass die elastischen 
Eigenschaften der kunstlichen Bandscheibe minde- 
rs stens In Bezug auf eine Kompressionskraft mit zuneh- 
menderVerformung ein nicht-lineares Verhalten zeigen. 
[0008] Bei der erfindungsgemassen kunstlichen 
Bandscheibe sind zwei sich gegenuberstehende End- 
platten an ihrer Peripherie mittels eines elastisch ver- 

20 formbaren Faserrings verbunden, welcher auf die End- 
platten im unbelasteten Zustand eine standige Zugkraft 
ausubt, so dass der Nucleus, der sich zwischen den bei- 
den Endplatten innerhalb des Faserrings befindet, unter 
Druckvorspannung steht. Ein wesentlicher Nachteil be- 

25 kannter kunstlicher Bandscheiben besteht darin, dass 
unter der Wirku ng einer elastischen Deformation entwe- 
derzuviel Weg beansprucht wird, bis der eigentllche Be- 
lastungsbereich erreicht ist. oder bereits die Anfangs- 
steifigkeit zu hohe Werte aufweist. Ein entscheidender 

30 Vorteil der erfindungsgemassen kunstlichen Band- 
scheibe ist daher darin zu sehen. dass deren elasti- 
sches Verhalten, zumindest in Bezug auf eine Kompres- 
sion, bereits bei kleinen Deformationen ein nicht-linea- 
res Verhalten zeigt. 

35 [0009] Das elastische Verhalten der erfindungsge- 
massen kunstlichen Bandscheibe ist dabei durch die 
den Faserring und den Nucleus umfassenden Materia- 
lien, sowie insbesondere durch die konstruktionsbe- 
dingte mechanische Kopplung von Faserring und den 

40 daran aniiegenden Nucleus bestimmt. Dabei ist unter 
anderem der konkrete Aufbau des Faserrings von be- 
sonderer Bedeutung fur die elastischen Eigenschaften 
der kunstlichen Bandscheibe. So kann das mechani- 
sche Verhalten des Faserrings beziiglich einer Deh- 

45 nung unter Druckbelastung, sowie einer Dehnung z.B. 
infolge von Torsions- Biege- oder Querverlagerungsbe- 
wegungen schon durch die Art des Gewebeaufbaus 
verschieden sein, je nachdem ob der Faserring gewebt, 
gestrickt, geflochten oder auf andere Weise hergestellt 

50 wurde. Dabei spielt unter anderem die Orientierung der 
Fasern, aus denen der Faserring aufgebaut ist, in ihrer 
Schraglage zur Richtung der Langsachse der kunstli- 
chen Bandscheibe eine Rolle fur die zwischen den End- 
platten zu ubertragenden Krafte. Durch die Komblnation 

55 von Faserring und Nucleus und eine entgegengesetzte 
Schragstellung der Fasern relativ zur Richtung der 
Langsachse der kunstlichen Bandscheibe, kann eine 
Umsetzung der verschiedenen auftretenden Belastun- 
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Fig. 1 



Fig. 2 



gen in eine Konnpression der Scfieibe erreicht werden. 
[0010] Der Nucleus wird als Fluid durch eine ver- 
schliessbare Offnung, die sich in einer der Deckplatten 
befindet, unter Drucl< in die l^unstliche Bandscheibe ein- 
gefiillt. Unter einem Fluid kann man im weitesten Sinne 5 
auch zum Beispiel ein in Korner- oder Pulverfornn vor- 
liegendes getrocknetes Gel oder eine Substanz ver- 
gleichbarer Konsistenz verstehen. Dabei kann das Fluid 
nach einer gewissen Zeitzu einenn elastisclien oderzu- 
mindest teilweise plastischen Korper verfestigen oder io 
selnefluiden Eigenschaften als mehr oder wenigerzahe 
Fliissigkeit auf Dauerbeibehalten. Entscheidendfurdie 
Funktion der kiinstlichen Bandscheibe ist, dass der so 
gebildete Nucleus einerseits den Hohlraum, den die 
Deckplatten nnit dem Faserring bilden, bevorzugt voll- 15 
standig ausfiillt und andererseits dauerhaft wenig in- 
krompressibel ist und unter Druckvorspannung steht. 
Dadurch ist gewahrleistet, dass der Nucleus in unmlt- 
telbarer Wirkverbindung mit denn Faserring steht und so 
als Krafttransfornnator wirken kann. Wird die so aufge- 20 
baute kunstliche Bandscheibe z.B. einer Druckbela- 
stung ausgesetzt, so muss der Nucleus unter der Kom- 
pressionswirkung teilweise radial nach aussen auswei- 
chen und dehnt dadurch den Faserring, wodurch die 
Krafte aus der Druckbelastung zumindest teilweise in 25 
den Faserring transformiert werden. 

[0011] Da der Nucleus bereits im unbelasteten Zu- Fig. 3 
stand uber den Faserring unter einer gewissen Druck- 
vorspannung, die durch den Fulldruck in weiten Gren- 
zen beliebig eingestellt werden kann, steht, kann die An- 30 Fig. 4 
fangssteifigkeit schon allein durch den Fulldruck des 
Fluids justiert werden. Damit besteht die Moglichkeit, 
unter Einhaltung einer vorgegebenen Geometriefur die 
kunstliche Bandscheibe und ohne Veranderung oder Fig. 5 
Austausch der die kunstliche Bandscheibe aufbauen- 35 
den Materialien, die elastischen Eigenschaften an die 
individuellen Bedurfnisse, eines Patienten anzupassen. 
[0012] So kann die nicht-lineare Belastungscharakte- 
ristik z.B. an das Korpergewicht des Patienten ange- 
passt werden. Dariiberhinaus kann selbstverstandlich 40 Fig. 6 
sowohl durch die Wahl der Materialien, aus denen der 
Nucleus bzw. der Faserring aufgebautsind, sowie durch 
die konkrete Gestaltung der Geometrie der die kunstli- 
che Bandscheibe aufbauenden Komponenten, das ela- 
stische Verhalten beeinf I usst werden. 45 Fig. 7 

[0013] Die den Faserrings aufbauenden Materialien 
umfassen, sowelt sie mit Korpergewebe in Beruhrung 
kommen, korpervertragliche Kunststoffe. Der Faserring Fig. 8 
selbst kann durchlassig fur kbrpereigene Flussigkeiten, 
mussjedoch vollstandig undurchlassigfurden Nucleus 50 
setn. Die Endplatten konnen aus einem Metall, bei- 
sptelsweise aus zahfestem Titan oder aus einer zahfe- 
sten Titanlegierung gefertigt sein, welche fur die Veran- Fig. 9 
kerung des Faserschlauches plastisch deformierbar ist. 
Die Aussenflachen der Endplatten konnen Zonen mit 55 
Metallgewebe aufweisen, die das Einwachsen von Kno- 
chenmateriaL und damit das Verwachsen der angren- 
zenden Wirbel mit den ausseren Flachen der Endplat- 



ten erieichtern. Eine Verbesserung der Veran kerung 
zwischen Endplatte und Wirbel beziiglich Seitenkraften 
kann durch eine oder mehrere vorstehende Rippen er- 
reicht werden, die z.B. von ventral nach dorsal verlau- 
fen. Eine zusatzliche Zahnung am Aussen rand der End- 
platte, die, ebenso wie die vorstehende Rippe, nicht 
zwingend vorhanden sein muss, kann ebenfalls die Ver- 
bindung zwischen Endplatte und Wirbel bezuglich 
Scherbeanspruchungen deutlich verbessern. Dabei 
muss die Endplatte nicht unbedingt aus Metall aufge- 
baut sein, sondern es konnen beispielsweise auch ge- 
eignete korpervertragliche Kunststoffe als Materialien 
fur den Aufbau der Endplatte in Betracht kommen. 
[0014] Im folgenden wird die Erfindung anhand von 
bevorzugten Ausfuhrungsbeispielen, sowie der Zeich- 
nung nahererlautert. Es zeigen: 



Schematlsch einen Langsschnitt durch eine 
erfindungsgemasse kunstliche Bandscheibe 
mit parallel zueinander stehenden Endplat- 
ten; 

eine weiteres Ausfuhrungsbeispiel analog zu 
Fig. 1 mit Endplatten, die in einem spitzen 
Winkel zueinander stehen; 

schematisch eine Ansicht einer weiteren 
kunstlichen Bandscheibe; 

eine erfindungsgemasse kunstliche Band- 
scheibe eingesetzt zwischen zwei benach- 
barte Wirbelkorper; 

schematisch ein Kraft - Weg Diagramm des 
elastischen Verhaltens einer erfindungsge- 
massen kunstlichen Bandscheibe im Ver- 
gleich zu einer bekannten Elastomerprothe- 
se; 

schematisch ein Ausfuhrungsbeispiel zur 
Verbindung eines Faserrings mit einer End- 
platte mittels eines ringformigen Klemmele- 
mentes; 

schematisch eine zweite Variante eines Aus- 
fuhrungsbeispiels gemass Fig. 6; 

schematisch eine dritte Variante eines Aus- 
fuhrungsbeispiels gemass Fig. 6, wobei der 
Faserring zusatzlich verklebt oder ver- 
schweisst ist; 

schematisch ein Ausfuhrungsbeispiel zur 

Verbindung des Faserrings mit einer Endplat- 
te, wobei der Faserring verklebt, ver- 
schweisst oder einen Kunststoff angespritzt 
ist; 
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Fig. 10 schematisch ein Ausfuhrungsbeispiel zur 
Verbindung des Faserrings mit einer Endplat- 
te, wobei der Faserring durch ein Halte- 
element fixiert ist; 

Fig. 11 schematiscli ein weiteres Ausfuhnjngsbei- 
spiel gemass Fig. 10; 

Fig. 12 schennatisch ein Ausfuhrungsbeispiel zur 
Verbindung des Faserrings mit einer Endplat- 
te, wobei der Faserring in einer Nut kalt ver- 
presst ist; 

Fig. 13 scliennatiscli ein zweites Ausfulirungsbei- 
spiel gemass Fig. 12; 

Fig. 14 schematiscli ein drittes Ausfuhrungsbeispiel 
gemass Fig. 12. 

[0015] Die Erfindung wird im folgenden anlnand be- 
vorzugter Ausfulirungsbeispiele eriautert. Die erfin- 
dungsgemasse kiinstliche Bandscheibe B zum Implan- 
tteren zwisclien zwei Wirbell<orper W, umfasst zwei 
Endpiatten 1, 2, die einen vollstandig mit einem ela- 
stiscli und / oder plastisch verformbaren Nucleus 3 aus- 
gefiillten Holilraum 4 an zwei gegenuberliegenden Sei- 
ten begrenzen. Dabel wIrd der Hohlraum 4 von einem 
rolirformigen Faserring 5 derart umsclnlossen, dass die 
Endpiatten 1 , 2 zusammen mit dem Faserring 5 den 
Hohlraum 4 begrenzen. Die Endpiatten 1 , 2 stehen mit 
dem Faserring 5 in zugfester Verbindung, wobei der Fa- 
serring 5 in radialer und axialer Richtung elastisch dehn- 
bar ausgefuhrt ist und der Faserring 5 ein grosseres Ela- 
stizitatsmodul ats der Nucleus 3 aufweist. Der Nucleus 
3 und der Faserring 5 wirken derart zusammen, dass 
die elastischen Eigenschaften der kunstlichen Band- 
scheibe mindestens in Bezug auf eine Kompressions- 
kraft F mitzunehmender Verformung ein nicht-lineares 
Verhalten zeigen. 

[0016] Fig. 1 zeigt in einer schematischen Darstellung 
ein bevorzugtes Ausfuhrungsbeispiel einer erfindungs- 
gemassen kunstlichen Bandscheibe B. Zwischen den 
Endpiatten 1 , 2 ist ein Nucleus 3 mittels des Faserrings 
5 verspannt. Die Endpiatten 1,2 sind so ausgestaltet, 
dass eine moglichst grosse Auflageflache gegenuber 
den Wirbelkorpern W vorliegt. um die Flachenpressung 
so klein wie moglich zu halten und ein Eindringen der 
Prothese in den Wirbelkorper zu verhindern. Die Bau- 
hohe H der kunstlichen Bandscheibe kann entweder 
konstant sein, oder, wie in Fig. 2 gezelgt, z.B. von an- 
terior A nach posterior P abnehmend sein. Dabei kann 
eine Variation der Bauhohe H der kunstlichen Band- 
scheibe B auch dadurch erreicht werden, dass der Fa- 
serring 5 eine uberseinen gesamten Umfang konstante 
Hohe aufweist, die Dicke der Endpiatten 1 ,2jedoch ent- 
sprechend variiert. Die Primarverankerung der kunstli- 
chen Bandscheibe B mit dem Wirbelkorper W erfolgt 
uber eine geeignete Praparation der Endpiatten 1 , 2, so 



dass eine formschlussige Verbindung zwischen End- 
platte 1 , 2 und Wirbelkorper W gewahrleistet wird. Die- 
ser Formschluss erfolgt gemass Fig. 3 uber eine 
Zahnung 1 5 und / oder eine vorstehende Rippe 1 4, wo- 

5 bei eine Verankerung vorwiegend im Bereich der korti- 
kalen Randleisten erfolgt, da sich dort die hochsten 
Krafte ubertragen lassen. Die Sekundarverankerung 
der Wirbelkorper W an den Endpiatten 1 , 2 wird dadurch 
erreicht, dass die nach aussen gerichteten Flachen 7, 

10 8 der Endpiatten 1 , 2 als Verankerungsplattformen aus- 
gebildet sind, so dass ein dauerhaftes Verwachsen der 
angrenzenden Wirbelkorper W mit den nach aussen ge- 
richteten Flachen 7, 8 der Endpiatten 1 . 2 emnoglicht 
wird. Konkret konnen die Verankerungsplattformen z.B. 

15 mit Gitterlagen aus Titan oder Titanlegierungen als 
"mesh" Oder in Form anderer netzartiger oder poroser 
Strukturen aus Titan oder Titanlegierungen mit mog- 
lichst grossen Kontaktflachen ausgefuhrt sein, um ein 
dauerhaftes Einwachsen der Wirbelkorper W an der 

20 kunstlichen Bandscheibe B zu gewahrleisten. Die End- 
platte 1, 2 selbst kann aus einem chirurgischen Stahl 
Oder aus einem Kunststoff, wie z.B. einem Hochlei- 
stungspolymer wie Polyetheretherketon (PEEK), 
PEEK-Karbon oder Polyimid gefertigt sein. Bevorzugt 

25 werden Titan oder Titanlegierungen verwendet, die we- 
gen ihrer hervorragenden Knochenveitraglichkeit und 
des ausgezeichneten Einwachsverhaltens von Kno- 
chenmaterial an ihnen bekannt sind, und die - sofern sie 
gute Kalt-Umfonneigenschaften besitzen - eine einfa- 

30 che und zuverlassige Verankerung des Faserrings 5 an 
den Endpiatten 1 , 2 gestatten. Zudem kann die Verbin- 
dung der Verankerungsplattform zu den Gitterlagen aus 
Titan oder Titanlegierungen durch Schweissung erfol- 
gen. 

35 [0017] Der Nucleus fulit bevorzugt den gesamten 
Hohlraum 4 aus, der von den Endpiatten 1, 2 und dem 

Faserring 5 gebildet wird. Die Kernmaterialien, die fiir 
den Nucleus 3 in Betracht kommen, sollten im wesent- 
lichen inkompressibel sein, einen Elastlzitatsmodul be- 

40 sitzen, dessen Wert kleiner als 100 MPa ist und in der 
ven/vendeten Form korpervertraglich sein. Als Kernma- 
terialien kommen fur den Nucleus 3 z.B. Hydrogele, 
Kunststoffe auf Silikonbasis, Polycarbourethan (PGU) 
Oder andere geeignete elastische oder plastische Kun- 

45 stoffe Oder Gummimaterialien in Frage. Das Kernmate- 
rial, das den Nucleus bildet, wird bevorzugt flussig in 
den Hohlraum 4 der kunstlichen Bandscheibe einge- 
bracht, die dazu eineverschliessbare Offnung 6 in einer 
der Endpiatten 1 , 2 aufweist. Nach dem Einfullen des 

50 Kernmaterials kann dieses sich je nach Material z.B. zu 
einem elastisch und / oder plastisch verformbaren Nu- 
cleus 3 verfestigen und z.B. durch Polymerisation oder 
auf andere Weise ausharten. Selbstverstandlich ist 
auch denkbar, dass der Nucleus eine hohe plastische 

55 Verformbarkeit auf Dauer behalf oder sogar eine mehr 
Oder weniger flussigkeitsartige Konsistenz beibehalt. 
Die Befullung des Hohlraumes 4 erfolgt bevorzugt nicht 
intraoperativ, was jedoch grundsatzlich ebenfalls mog- 
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lich ist. Je nach gewunschter Charakteristikfur das ela- 
stische Verhalten der kiinstlichen Bandscheibe B wird 
das Kernmaterial mit dem entsprechenden Druck ein- 
gefullt und der Faserrtng 5 so unter eine gewtsse Vor- 
spannung gesetzt. 

[0018] Der Faserring 5 bildet eines der technologi- 
schen Kernelemente der kunstlichen Bandscheibe B. Er 
verlelht der kunstlichen Bandscheibe B im Zusammen- 
spiel mit dem Nucleus 3 die elastische Charakteristikfur 
alle Belastungsarten. Der Faserring 5 besteht aus hoch- 
festen Fasern mit hohem Elastizitatsmodul, Als bevor- 
zugte Materialien kommen Stoffe wie Polyethylen Ter- 
ephthalat (PET) aber auch Kunststoffe wie Polyamid, 
Polyimid, Kohlefasern oder z.B, Polyetheretherketon 
(PEEK) in Frage. Der Faserringe 5 wird dabei bevorzugt 
in einer oder mehreren Lagen geflochten, gewoben 
Oder gestrickt oder auf andere Weise hergestellt, wobei 
die einzelnen Lagen gleiche oder unterschiedliche 
Flechtwinkel aufweisen konnen. Dabei sind ganz ver- 
schiedene Herstellungsverfahren denkbar. Beispiels- 
weise konnen zunachst flache Bander geflochten wer- 
den, die dann zu Ringen vernaht oder z.B. ultraschall- 
geschweist werden, Durch den Fiechtvorgang kann ei- 
ne Randzone des Faserrings 5 leicht dicker geflochten 
werden , wodurch der Faserring 5 besser in der Endplat- 
te 1, 2, z.B. in einer Nut 9, 10, verankert werden kann. 
Eine weitere Variante besteht darin Schlauche zu flech- 
ten, die zu Ringen vernaht oder z.B. uitraschallge- 
schweisst werden konnen. In die Randzonen der Ringe 
konnen Fasern oder Bander, z.B. aus Polyethylen Ter- 
ephthalat (PET) Oder Titan, einerTitanlegierung oder ei- 
nes anderen geeigneten Materials eingelegt werden, 
wodurch eine Verdickung der Randzone erreicht wird, 
die zur Befestigung des Faserrings 5 an der Endplatte 
1 , 2, z.B. in der Nut 9, 10, geeignet ist. Eine weitere Va- 
riante zur Herstellung des Faserrings 5 besteht im 
Flechten eines Endlosschlauches mit einem fur den Fa- 
serring 5 erforderlichen Durchmesser. Von diesem 
Schlauch, der selbstverstandlich ebenfalls aus einer 
Oder mehreren Lagen bestehen kann. wird der Faser- 
ring 5 z.B. thermisch. mittels Ultraschall oder auf andere 
Weise abgetrennt, wodurch beliebige Hohenfurden Fa- 
serring 5 realisierbar sind. Beim Abtrennvorgang kann 
eine Randzone im Abtrennbereich thennisch so aufge- 
schmolzen und geformt werden, dass eine optimale 
Klemmgeometrie resultiert, so dass der Faserring 5 si- 
cherin der Endplatte 1 , 2, z.B. in der Nut 9, 10, verankert 
werden kann. Dabei muss in jedem Fall sichergestellt 
sein, dass es auch unter sehr hohen Drucken, wie sie 
auf die kunstliche Bandscheibe B als Implantat in einer 
menschlichen Wirbelsaule einwirken konnen, nicht da- 
zu kommt, dass der NucleusSodereinTeildavon, durch 
den Faserring 5 oder auf anderem Wege austreten 
kann. Daher sind hohe Anforderungen an die Herstel- 
lung des Faserrings 5 gestellt. Er muss unter anderem 
so dicht gearbeitet sein, dass der Nucleus 3 oder Telle 
davon den Faserring 5 nicht durchdringen konnen. Da- 
zu kann der Faserring 5 z.B. zusatzlich eine dichtende 



Schicht aufweisen. Andererseits kann es von Vorteil 
sein, dass der Hohlraum 4 mit der Umgebung Korper- 
flussigkeitaustauschen kann. Dies ist insbesonderevon 
Vorteil, wenn als Materialien fiir den Nucleus 3 z.B. Hy- 

5 drogele verwendet werden . Hydrogele haben die Eigen - 
schaft, dass sie mit zunehmendem oder abnehmendem 
Hydrationsgrad starke korrespondierende Volumenan- 
derungen aufweisen konnen. Dabei kann allgemein der 
Zusammenhang festgestellt werden, dass Hydrogele 

10 mit zunehmendem Hydrationsgrad ihr Volumen durch 
Aufquellen stark vergrossern konnen und in diesem Zu- 
stand einen verhaltnismassig kleinen Elastizitatsmodul 
aufweisen und daher fiir Anwendungen ohne raumliche 
Begrenzung ungeeignet sind. Da bei der erfindungsge- 

15 massen kunstlichen Bandscheibe B die raumliche Ein- 
grenzung des Hohlraumes 4 durch den Faserring 5 und 
die Endplatten 1, 2 gewahrleistet ist, konnen auch Hy- 
drogele mit hohem Hydrationsgrad als Material fur den 
Nucleus 3 in Betracht kommen. Den Effekt der Hydrati- 

20 on des Hydrogels kann bei der erfindungsgemassen 
kunstlichen Bandscheibe B besonders vorteilhaft aus- 
genutzt werden. Wenn der Faserring 5 so ausgefuhrt 
ist, dass erfur den Nucleus 3 voilstandig undurchlassig, 
fur bestimmte Korperflussigkeiten, wie z.B. Wasser, je- 

25 doch durchlassig ist, kann der Volumeneffekt, das hetsst 
das Aufquellen des Nucleus 3, der aus einem Hydrogel 
besteht, durch Hydration ausgenutzt werden. Die kunst- 
liche Bandscheibe B kann dann namlich bei stark redu- 
zierter Einbringhohe, was eine Implantation erheblich 

30 vereinfacht, in dehydriertem Zustand in die WirtDelsaule 
als Ersatz fur eine entfernte naturliche Bandscheibe ein- 
gebracht werden und trotzdem spater das gezeigte 
nicht-lineare Verhalten aufweisen. Korperflussigkeiten 
wie Wasser, das durch den Faserring 5 eindringen kann, 

35 erhoht nach der Implantation durch zunehmende Hy- 
dration das Volumen des Nucleus 3, der schliesslich 
nach einer bestimmten Zeit einen vorgesehenen End- 
druck bei einem vorbestimmten Endvolumen erreicht. 
[0019] Entscheidend fur das mechanische Verhalten 

40 der erfindungsgemassen kunstlichen Bandscheibe B ist 
ihr stark nicht-lineares elastisches Verhalten z.B. unter 
einer Kompressionskraft F. Dabei beruht die Druckcha- 
rakteristik auf einem Zusammenspiel von Nucleus 3 mit 
dem Faserring 5. Fig. 5 zeigt exemplarisch ein Kraft - 

45 Weg Diagramm D1 des elastischen Verhaltens einer er- 
findungsgemassen kunstlichen Bandscheibe B im Ver- 
gleich zu einem typischen Kraft - Weg Diagramm D2 ei- 
ner bekannten Elastomerprothese, die keinen mit einem 
Nucleus mechanisch gekoppelten Faserring umfasst. 

50 [0020] Wird die erfindungsgemasse kunstliche Band- 
scheibe durch eine Kompressionskraft F, die z.B. senk- 
recht zu den Flachen 7, 8 der Endplatten 1 , 2 wirkt, nur 
wenig, das heisst urn einen Weg S von deutlich weniger 
als ungefahr 0.5 mm komprimiert, beeinflusst der Ela- 

55 stizitatsmodu! des Nucleus 3 wesentlich die Belastungs- 
charakteristik. In diesem Bereich verlaufen die Kraft - 
Weg Diagramme D1 und D2 noch im wesentlichen par- 
allel. Mit zunehmendem Kompressionsweg S werden 
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die Fasern des Faserrings 5 gestreckt und der Faserring 
5 balgt aufgrund der Volumenverlagerung des Nucleus 
3 leicht aus. Da der Nucleus 3 wenig kompressibel ist, 
transform iert dieser bei zunehmender Kompressions- 
kraft F die auf die kiinstliche Bandscheibe B wirkenden 
Druckkrafte in den Faserring 5 und induziert in die Fa- 
sern des Faserrings 5 Zugkrafte. Damit bestinnnnt der 
Elastizitatsmodul des Faserrings 5 mit fortschreitender 
Kompression in zunehnnendenn Masse die Belastungs- 
cliarakteristik, die, wie die Kurve D1 eindrucksvoll zeigt, 
stark progressiv anzusteigen beginnt. Die Kurve D2 de- 
monstriert dagegen, dass das elastisclie Verhalten der 
bekannten Elastonrierprothese kein progressiv anstei- 
gendes Verlialten zeigt. Bei einenn Konnpressionsweg, 
der deutlich uber 1 mm liegt zeigt das Kraft - Weg Dia- 
granrim D2 sogar ein degressives Verhalten, was auf ein 
unerwunsclites Ausbalgen des Elastonnerkerns unter 
steigender Druckbelastung zuruckzufiihren ist. Bei der 
erfindungsgennassen kunstlichen Bandscheibe B kon- 
nen dagegen die Fasern des den Nucleus 3 unnschlies- 
senden Faserrings 5 mit zunehmender Ausbalgung die 
auftretenden Krafte immer besser aufnehmen und die 
daraus resultierende geometrische Ubersetzung ver- 
starkt die progressive Zunahme der Kraft-Weg Kurve 
D1 zusatzlich. Damit kann schon allein uber den Aufbau 
des Faserrings die Belastungscharakterlstikder kunst- 
lichen Bandscheibe B bedeutend beelnflusst werden. 
[0021] Es ist ein besonderes Charaktersitikum des 
Kraft-Weg DIagramms in Fig. 5, dass, analog zum Ver- 
halten einer natiirlichen Bandscheibe, bereits die An- 
fangssteigung der Kurve leicht progressives Verhalten 
zeigt. Das heisst, die erfindungsgemasse kiinstliche 
Bandscheibe B zeigt bereits bei bellebig klelner Kom- 
pressionskraft F und damit bei beliebig kleinen Bela- 
stungen, einen gewissen Anstieg der Anfangssteifig- 
kelt, die von Null verschleden ist. Wobel unter Stelf igkelt 
(bzw. Anfangssteifigkeit) der kunstlichen Bandscheibe 
bei einer Kompressionskraft F die entsprechende Stei- 
gung der Kurve D1 bzw. D2 im Kraft-Weg Diagramm bei 
einem Deformationsweg S zu verstehen ist. der der ent- 
sprechenden Kompressionskraft F zugeordnet ist. So 
zeigt die erfindungsgemasse Bandscheibe unter einer 
Kompressionskraft F von 3000 N eine bevorzugte Stei- 
ftgkeit zwischen 2000 N/mm und 20000 N/mm und unter 
einer Deformation S von ca. 0.4 mm eine Stelfigkelt, de- 
ren Wert kleiner als 500 N/mm ist. 
[0022] Da die nicht-linearen Eigenschaften der kunst- 
lichen Bandscheibe B, die diese bezuglich einer Kom- 
pressionskraft F aufweist, durch das Zusammenspiel 
von Faserring 5 und Nucleus 3 auch In das elastische 
Verhalten in Bezug auf Torsions- Biege- und Schubbe- 
lastungen transformiert werden, zeigt die kunstliche 
Bandscheibe B auch bei entsprechenden bellebig klei- 
nen Auslenkungen aus dem unbelasteten Zustand, ge- 
geniiber diesen Belastungsarten sowohl einen be- 
stlmmten Anstieg der Anfangssteifigkeit, als auch einen 
welteren progressiven Anstieg, der der entsprechenden 
Belastungsartzugeordneten Stelfigkelt. Da der erwahn- 



te Anstieg der Anfangssteifigkeit dadurch erreicht wird, 
dass der Nucleus 3 im unbelasteten Zustand uber den 
Faserring 5 unter einer gewissen Druckvorspannung 
steht, ergibt sich die Moglichkeit, unter Einhaltung einer 

5 vorgegebenen Geometrle fiir die kunstlichen Band- 
scheibe B und ohne Veranderung oder Austausch der 
die kunstliche Bandscheibe B aufbauenden Materialien, 
die elastlschen Eigenschaften an die Indlvlduellen Be- 
diirfnisse eines Patienten anzupassen. So kann die 

10 nicht-lineare Belastungscharakteristik und damit die 
Stelfigkelt und deren Veranderung mit zunehmender 
Kompressionskraft F einfach durch eine geeignete Wahl 
der Druckvorspannung z.B. an das Korpergewicht des 
Patienten angepasst werden. 

15 [0023] Voraussetzung fiir eine gute Funktion der er- 
flndungsgemassen kunstlichen Bandscheibe B ist eine 
einwandfreie Verankerung des Faserrings 5 in der End- 
platte 1, 2. In den Fig. 6 bis 9 und den Fig. 12 bis 14 ist 
schematlsch eine Nut 9, 1 0 In der Endplatte 1 , 2 gezeigt, 

20 in der der Faserring 5 befestigt ist. Die Art der Befesti- 
gung hangt unter anderem vom Material der Endplatte 
1, 2 ab. So kann der Faserring 5, wIe In den Fig. 6, 7 
gezeigt, an der Endplatte 1 , 2, die aus Metal! oder Kunst- 
stoff gefertigt ist, z.B. durch ein ringformiges Klemmele- 

25 ment 11 in der Nut 9, 10 fixiert werden oder zusatzlich 
(slehe Fig. 8, 9) In der Nut 9, 10 verklebt sein. Bel der 
Endplatte 1 , 2 aus Kunststoff ist alternativ zum Kleben 
auch thermisches Verschweissen in der Nut 9, 10 oder 
auf einer Oberflache der Endplatte 1 ,2 moglich. Bei ei- 

30 ner metalllschen Endplatte 1 , 2 kann der Faserring 5 
durch Kaltumformung V in der Nut 9, 10 verpresst wer- 
den. Dabei kann die Nut 9, 10 wie in den Fig, 12 bis 14 
gezeigt unter eInem bestlmmten Winkel a gegen die 
Oberflache der Endplatte 1 , 2 geneigt sein. Dabei wird 

35 ein Winkel agewahit, der zwischen 0 Grad (Fig. 14) und 
90 Grad (Fig. 12), vorzugswelse jedoch In der Nahe von 
60 Grad liegt. Als weitere Variante fur die Befestigung 
des Faserrings 5 an der Endplatte 1 , 2 ist auch eine Fi- 
xlerung mittels eInes zusatzlichen Halteelementes 12 

40 denkbar, das zum Beispiel als Platte (Fig. 10) oder als 
Ring (Fig. 11) ausgebildetsein kann und vorzugswelse 
mittels einer Verschraubung 13 an der Endplatte 1, 2 
befestigt ist. 

[0024] Durch die Erflndung wird eine kunstliche Band- 
45 scheibe B vorgeschlagen, die sich aus mehreren Grun- 
den besonders gut als Implantat und damit als Ersatz 
fiir eine natiirllche Bandscheibe elgnet. In Ihrer Ausfuh- 
rung als einteiliges Implantat, das nur aus wenigen 
Komponenten zusammengesetzt ist, kann die erfin- 
50 dungsgemasse kiinstliche Bandscheibe B auf einfache 
Weise in die menschliche Wirbelsaule eingebracht wer- 
den. Sie kann bereits vorgefertigt und sterilisiert fiir ei- 
nen entsprechenden operatlven EInghffangellefert wer- 
den, so dass aufwendige Techniken zum Zusammen- 
55 setzen von Einzelteilen wahrend eines operatlven Ein- 
griffs innerhalb des menschlichen Korpers bzw. zwi- 
schen zwel WIrbelkorpern W, iiberfliissig werden. Die 
DIstraktlon der WIrbelkorper W zum EInbrlngen einer 
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Bandscheibenprothese ist eine Aufgabe, die aufgrund 
derbeengten Platzverhaltnissegrundsatzlich ein erheb- 
llches Problem darstellt. Wenn als Kernmateria! fur den 
Nucleus 3 z.B. ein dehydriertes Hydrogel verwendet 
wird, weist die kiinstliche Bandscheibe B zum Zeitpunlct 
des Einbringens in die Wirbelsaule inn deliydrierten Zu- 
stand eine unn bis zu 50 % geringere Bauholie H auf, 
als Im vollstandig hydrierten Zustand. Die Probleme im 
Zusannnrienhang mit der Distral<tion werden dadurch er- 
heblich reduziert. Bedingt durcli den besonderen Auf- 
bau des Faserrings 5, das Zusannmenwirl<:en von Nucle- 
us 3 und Faserring 5 und eine geeignete Wahl der Ma- 
terlallen, erhaltdas elastischeVerhalten dererfindungs- 
gennassen kunstlichen Bandscheibe B in Bezug auf alle 
relevanten Belastungsarten eine typische nicht-lineare 
Charakteristik. das der einer naturlichen Bandscheibe 
nahezu identisch nachbildet ist. Konstruktionsbedingt 
wirkt dabei der Nucleus 3 als Krafttransfornaator, der die 
auftretenden Belastungen in den Faserring 5 transfor- 
miert, wodurch die kiinstliche Bandscheibe B eine na- 
turgetreue elastische Charakteristik erhalt. 



Patentanspriiche 

1. Kiinstliche Bandscheibe, zum Innplantieren zwi- 
schenzweiWirbelkorper(W), umfassend zwei End- 
platten (1 , 2), die einen mit einem elastisch und / 
Oder plastisch verformbaren Nucleus (3) ausgefiill- 
ten Hohlraum (4) an zwei gegenuberliegenden Sei- 
ten begrenzen, wobei der Hohlraum (4) von einem 
rohrformigen Faserring (5) derart umschlossen ist, 
dass die Endplatten (1 , 2) zusammen mit dem Fa- 
serring (5) den Hohlraum (4) begrenzen und die 
Endplatten (1,2) mit dem Faserring (5) in zugfester 
Verbindung stehen, dadurch gekennzelchnet, 
dass der Faserring (5) in radialer und axialer Rich- 
tung elastisch dehnbar ausgefuhrt ist, wobei der Fa- 
serring (5) ein grosseres Elastizitatsmodul als der 
Nucleus (3) aufweist und der Nucleus (3) und der 
Faserring (5) derart zusammenwirken, dass dieela- 
stischen Eigenschaften der kOnstiichen Bandschei- 
be mindestens in Bezug auf eine Kompressions- 
kraft (F) mit zunehmender Verformung ein nicht-li- 
neares Verhalten zeigen. 

2. Kiinstliche Bandscheibe nach Anspruch 1 , bei wel- 

cher der Nucleus (3) aus einem Material aufgebaut 
ist, dessen Elastizitatsmodul einen Wert kleiner als 
100 MPa hat. 

3. Kiinstliche Bandscheibe nach Anspruch 1 oder 2, 
bei welcher der Wert fur die Steifigkeit der kunstli- 
chen Bandscheibe unter einer Kompressionskraft 
(F) von 3000 N in einem Bereich zwischen 2000 N/ 
mm und 20000 N/mm liegt, 

4. Kiinstliche Bandscheibe nach einem der Ansprii- 



che 1 bis 3, bei welcher der Faserring (5) aus einem 
Gewebe, Gewirk oder Geflecht besteht und eine 
odermehrere Lagen umfasst. 

5 5. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 4, bei welcher die den Faserring (5) auf- 
bauenden IVIaterialien einen oder mehrere Kunst- 
stoffe, wie z.B. Polyamid, Polyimid, Kohlefasern 

Oder Polyetheretherketon (PEEK), vorzugsweise 
10 Polyethylen Terephthalat (PET), umfassen. 

6. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 5, bei welcher der Nucleus (3) aus einem 
Hydrogel und / oder einem elastischen Kunststoff 

15 auf Silikonbasis und / oder aus einem anderen ela- 
stischen Kunststoff aufgebaut ist. 

7. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 6, bei welcher der Hohlraum (4) durch eine 

20 verschliessbare Offnung (6) in einer Endplatte (1 ,2) 
zuganglich ist. 

8. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 7, bei welcher die Bauhohe (H) entweder 

25 konstant ist oder vorzugsweise von anterior (A) 
nach posterior (P) abnimmt. 

9. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 8, bei welcher die Endplatten (1 , 2) aus 

30 einem Metall, vorzugsweise aus Titan, einer Titan- 
legierung oder aus Kunststoff bestehen. 

10. Kiinstliche Bandscheibe nach einem der Ansprii- 

che 1 bis 9. bei welcher die Endplatten (1, 2) als 
35 Verankerungsplattformen ausgebildet sind, um ein 
Verwachsen der angrenzenden Wirbelkorper (W) 
mit den nach aussen gerichteten Flachen (7, 8) der 
Endplatten (1 , 2) zu erreichen. 

40 11. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 1 0, bei weicher eine der Endplatten (1 , 2) 
eine in Umfangsrichtung verlaufende Nut (9, 1 0) zur 
Aufnahme des Faserrings (5) aufweist. 

45 12. Kiinstliche Bandscheibe nach Anspruch 11 , an wel- 
cher der Faserring (5) zur Verbindung mit einer der 
Endplatten (1 ,2) durch Kaltumformung in einer der 
Nuten (9, 10) verpresst ist. 

50 13. KiinstllcheBandscheibenach Anspruch 11 oder12, 

an welcher der Faserring (5) zur Verbindung mit ei- 
ner der Endplatten (1, 2) durch ein ringformiges 
Klemmelement (1 1 ) in einer der Nuten (9, 1 0) f ixiert 
ist. 

55 

14. Kiinstliche Bandscheibe nach einem der Ansprii- 
che 1 bis 13, an welcher der Faserring (5) zur Ver- 
bindung mit einer der Endplatten (1, 2) durch ein 
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Halteelement (12), vorzugsweise mittels einer Ver- 
schraubung (13), fixiert 1st. 

15. Kunstliche Bandscheibe nach einem der Ansprii- 
che 1 0 bis 1 4, an welch er der Faserring (5) zur Ver- 5 

bindung mit einer der Endplatten (1 , 2) in einer der 
Nuten (9, 10) verklebt oder verschweisst ist. 

16. Kunstliche Bandscheibe nach einem der Anspru- 
che 11 bis 1 5, an welcher der Faserring (5) zur Ver- io 
bindung mit einer der Endplatten (1, 2) ringformig 

in einer der Nuten (9, 10) der Endplatten (1 , 2) mit 
Kunststoff angespritzt ist. 

17. Kunstliche Bandscheibe nach einem der Ansprii- 15 
che 1 bis 1 6, an welcher der Faserring (5) zur Ver- 

bindung mit einer der Endpiatten (1 , 2) auf einer der 
Oberflachen (7, 8) mit Kunststoff angespritzt ist. 

18. Kunstliche Bandscheibe nach einem der Anspru- 20 
che 1 bis 1 7, bei welcher die Endplatten (1 ,2) eine 
vorstehende mittlere Rippe (1 4) aufweisen, die z.B. 
von ventral nach dorsal verlauft. 

19. Kunstliche Bandscheibe nach einem der Anspru- 25 
che 1 bis 18, be! welcher die Endplatten (1,2) an 
ihrem Aussenrand eine zum Wirbel (W) hin gerich- 
tete Zahnung (15) aufweisen, so dass durch ein 
Einwachsen von Knochenmaterial eineformschliis- 
sige Verbindung fur die Ubertragung von Torsions- 30 
und Flexionskraften erreicht wird. 
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(57) Urn ein Implantat (116) zum Ersetzen minde- 

stens eines mindestens teilweise zerstorten Wirbelkor- 
pers und zum Einsetzen zwischen einem ersten und ei- 
nem zweiten Wirbelkorper (112,114) einer Wirbelsaule, 
mit mindestens einem Bewegungselement (124,125) 
und mindestens einem Stutzelement (120), wobei das 
mindestens eine Bewegungselement dem Stutzele- 
ment und dem ersten und/oder dem zweiten Wirbelkor- 
per zugeordnet ist zum Ermoglichen einer Bewegung 
des mindestens einen Stiitzelements relativ zu dem er- 



sten und/oder dem zweiten Wirbelkorper, so zu verbes- 

sern, daf3 annaliernd plnysioiogische Bewegungsmog- 
liclikeiten betroffener Bewegungssegmente wiederlier- 
gestellt werden konnen und es besonders leicht einge- 
setzt werden kann und seine Position nacli dem Einset- 
zen beibehalt, wird vorgesclilagen, daB mindestens ei- 
ne mit mindestens einem Wirbelbogen (118) der Wirbel- 
saule verbundene Fixiervorriclitung (126) vorgesehen 
Ist zum FIxleren des mindestens eInen Stiitzelements 
an dem mindestens eInen Wirbelbogen. 
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Beschreibung 

[0001] Die Erfindung betrifft ein Implantat zum Erset- 
zen mindestens eines mindestens teilweise zerstorten 
Wirbelkorpers eines Wirbels und zum Einsetzen zwi- 
schen einem ersten und einem zweiten Wirbelkorper ei- 
ner Wirbelsaule, mit mindestens einem Bewegungsele- 
ment und mindestens einem Stutzelement, wobei das 
mindestens eine Bewegungselement dem mindestens 
einen Stutzelement und dem ersten und/oder dem zwei- 
ten Wirbellcorper zugeordnet ist zum Ermoglichen einer 
Bewegung des Stiitzeiements relativ zu dem ersten 
und/oder dem zweiten Wirbelkorper. 
[0002] Implantate der eingangs beschriebenen Art 
werden eingesetzt, um einen zerstorten oder auch nur 
teilweise zerstorten Wirbelkorper eines Wirbels der Wir- 
belsaulezu ersetzen. Das Ziel dabei ist es, annahernd 
physiologische Bewegungsmoglichkeiten betroffener 
Bewegungssegmente einschlleBlich damit verbunde- 
ner dorsaler Strukturen beizubehalten beziehungswei- 
se wiederherzustellen. Es soil mit einem solchen Im- 
plantat insbesondere vermieden werden, benaclibarte 
Wirbelkorper mittels des Implantats zu fuslonieren, also 
diese gerade nicht zu versteifen. 
[0003] Als vorteilhaft hat es sich bel einer solchen, be- 
wegungserhaltenden MaBnahme erwiesen, dal3 Band- 
scheiben benachbarter Segmente geschont werden. 
Sie miissen einefehlende Beweglichkeit eines verstetf- 
ten Segments nicht kompensieren, was bei ubiichen Fu- 
sionseingriffen der Fall ware. Dadurch kann eine fruh- 
zeitige Degeneration dieser Segmente infolge von 
Uberbeanspruchung vermieden werden. 
[0004] Als nachteilig hat sich bei Implantaten der ein- 
gangs beschriebenen Art erwiesen, daB sie nur mit ei- 
nem auBerst groBen operativen Aufwand eingesetzt 
werden konnen. Dariiber hinaus ergeben sich Schwie- 
rigkeiten, weil das Implantat unter Belastung die ge- 
wunschte optimale Position zwischen dem ersten und 
zweiten Wirbelkorper nicht immer beibehalt. 
[0005] Daher ist es Aufgabe der vorliegenden Erfin- 
dung, ein Implantat der gattungsgemaBen Art so zu ver- 
bessern, daB annahernd physiologische Bewegungs- 
moglichkeiten betroffener Bewegungssegmente wie- 
derhergestellt werden konnen und es besonders leicht 
eingesetzt werden kann und seine Position nach dem 
Einsetzen beibehalt. 

[0006] Diese Aufgabe wird bei einem Implantat der 

eingangs beschriebenen Art erfindungsgemaB dadurch 
gelost, daB mindestens eine mit mindestens einem Wlr- 
belbogen der Wirbelsaule verbundene Fixiervorrichtung 
vorgesehen ist zum Fixieren des Stiitzeiements an dem 
mindestens einen Wirbelbogen. 
[0007] Das Implantat wird nach dem Ausraumen der 
zerstorten Strukturen mit Hilfe geeigneter Instrumente 
in den ausgeraumten Bereich eingebracht. Es besteht 
insgesamt aus im wesentlichen mindestens drei Teilen, 
dem mindestens einen Stutzelement, dem mindestens 
einen Bewegungselement und der mindestens einen Fi- 



xiervorrichtung. Das Stutzelement besitzt nach der Im- 
plantation einesteife, im wesentlichen nicht verformba- 
re Struktur, deren Flexibilitatvernachlasslgbarklein sein 
soil. Es ersetzt damit im wesentlichen den Wirbelkorper 

5 des Wirbels. Demgegenuber weist das Bewegungsele- 
ment eine Beweglichkeit auf, die eine Bewegung zwi- 
schen dem Stutzelement und dem oder den benachbar- 
ten Wirbelkorpern ermoglicht. I^it der erfindungsgemaB 
vorgeschlagenen zusatzlichen Fixiervorrichtung wird 

10 das Stutzelement an dem mindestens einen verbliebe- 
nen Wirbelbogen des Patienten fixiert, so daB die ge- 
wunschte Position des Stiitzeiements langfristig erhal- 
ten bleibt. Ein Vorteil dabei ist, daB durch diese beson- 
dere Fixiervorrichtung keine Einschrankung der Beweg- 

15 lichkeit zwischen dem Stiitzelement und den benach- 
barten Wirbelkorpern auftrltt. Vielmehr sind die Bewe- 
gungselementevollstandigfrei und konnen nahezujede 
gewunschte Bewegung der Wirbelsaule ausfiihren und 
ausgleichen. Entscheidend ist einzig und allein, daB die 

20 Fixiervorrichtung eine steife, im wesentlichen nicht ver- 
formbare Verbindung zwischen dem Stutzelement und 
dem mindestens einen verbleibenden Wirbelbogen ge- 
wahrleistet. Insgesamt werden dadurch physiologische 
Gegebenheiten wiederhergestellt, insbesondere die 

25 Funktion von an der Wirbelsaule angeordneten Facet- 
tengelenken erhalten, und das Stiitzelement zusatzlich 
stabilisiert. 

[0008] Besonders vorteilhaft ist, wenn die mindestens 
eine Fixiervorrichtung mit dem mindestens einen Stiit- 

30 zelement und dem mindestens einen Wirbelbogen des 
teilweise zerstorten Wirbels verbindbar ist. Aufgrund der 
direkten Verbindung zwischen dem Stutzelement und 
dem Wirbelbogen des teilweise zerstorten Wirbels wird 
ein in seiner Funktionsweise fOr den ursprunglichen in- 

35 takten Wirbel nahezu gleichwertiger Ersatz geschaffen. 
Wie beim urspriinglichen Wirbel wird ein im wesentli- 
chen in sich biegesteifes Element, der Wirbelkorper, 
nachgebildet, das den urspriinglichen Wirbelkorper mit 
dem an diesem angeordneten Wirbelbogen nachbildet. 

40 [0009] Vorzugsweise ist das mindestens eine Stutze- 
lement im wesentlichen biegesteif. Dadurch wird die 
Stabilitat des Implantats insgesamt erhoht. AuBerdem 
wird dem Stiitzelement eine von dem Bewegungsele- 
ment abweichende Funktion zugeordnet. 

45 [001 0] Gunstig ist es, wenn das mindestens eine Stiit- 
zelement einen Hohlraum aufweist. Dadurch wird einer- 
seits der Materialbedarf verringert, andererseits wird es 
ermoglicht, den Hohlraum des Stiitzeiements mit einer 
fiir den jeweiligen Fall am besten geeigneten Substanz 

50 zu fiillen, belspielsweise Knochenspanen und/oder 
Knochenzement. 

[0011] GemaB einer bevorzugten Ausfiihrungsform 
der Erfindung kann vorgesehen sein, daB das minde- 
stens eine Stutzelement eine mit einer aushartbaren 
55 Substanz fijllbare Hiille umfaBt. Durch die aushartbare 
Substanz wird die Biegesteifigkeit des Stiitzeiements 
zusatzlich erhoht. 

[0012] Vorteilhaft ist es, wenn die Hiille biegeschlaff 
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und/oderflexibel ist. Mit einersolchen Hulle laBtsich ein 
der physiologischen Form eines Wirbelkorpers optimal 
angepaBtes Implantat modellieren. Insbesondere las- 
sen sich Neigungen von an benachbarten Wirbelkor- 
pem angrenzenden Kontaktflachen des Stutzelements 
beliebig und einfach einstellen. Erst wenn die ausliart- 
bare Substanz in die Hulle eingefullt ist, wird das Stiit- 
zelement endgiiltig geformt. 

[0013] Vorzugsweise ist die aushartbare Substanz 
Knochenzement. Dieser laBt sich besonders leicht mo- 
dellieren und welst die erforderlichen Festigkeitseigen- 
schaften auf. 

[0014] GemaB einer weiteren bevorzugten Ausfiih- 
rungsform der Erfindung kann vorgesehen sein, daB die 
mindestens eine Fixiervorrichtung mindestens ein Fi- 
xierelement umfaBt. Dieses kann grundsatzlich beliebig 

gestaltet sein, jedoch ist es mindestens mit dem Stiitz- 
element und/oder dem verbleibenden Wirbelbogen ver- 
bindbar. 

[0015] Besonders vorteilliaft ist es, wenn das minde- 
stens eine Fixierelement mindestens eine Schraube, ei- 
ne Pedikelschraube, einen Stift, einen Haken oder ei- 
nen Dubel umfaBt. Derartige Fixierelemente lassen sicli 
besonders einfacli am mindestens einen Wirbelbogen 
anbringen und/oder mit dem Stiitzelement verbinden. 
[0016] Vorzugsweise ist der mindestens eine Diibel 
in einen Hohlraum des mindestens einen Stutzelements 
einsetzbar und die mindestens eine Scliraube mit dem 
mindestens einen Diibel verbindbar. Durcli den sicli in 
dem Hohlraum wahrend des Eindrehens der Schraube 
spreizenden Dubel wird eine besonders gute Verbin- 
dung zwischen der Schraube und dem Stiitzelement er- 
moglicht. 

[0017] Einen besonders guten Halt erhalt das Stiitz- 
element, wenn das mindestens eine Fixierelement ei- 
nen Blindniet umfaBt. 

[0018] Um eine besonders sichere und stabile Verbin- 
dung zu erhalten, ist es vorteilhaft, wenn das minde- 
stens eine Fixierelement spreizbar ist und wenn es ins- 
besondere einen spreizbaren Stift umfaBt. Es konnen 
aber auch spreizbare Schrauben. Haken und insbeson- 
dere auch Diibel vorgesehen sein, die beispielsweise in 
eine Ausnehmung des Stiitzelements eindringen und 
dasselbe durch Aufspreizen zumlndestteilwelse hlnter- 
schneiden konnen, 

[0019] Bei einer weiteren bevorzugten Ausfiihrungs- 
form der Erfindung kann ferner vorgesehen sein, daB 
die mindestens eine Fixiervorrichtung mindestens einen 
Drahtstift mit mindestens zwel relativ zum mindestens 
einen Drahtstift In einer Fixlerstellung In Langsrichtung 
des mindestens einen Drahtstifts festlegbaren Anschla- 
gelemente umfaBt. Der Drahtstift kann beispielsweise 
das Stiitzelement durchdrlngen oder auf andere Weise 
mit diesem in Verbindung stehen. Die beiden Anschla- 
gelemente dienen dazu, den Drahtstift einerseits am 
Stiitzelement, andererselts am verbleibenden Wirbel- 
bogen abzustiitzen. 

[0020] Vorzugsweise ist mindestens eines der minde- 



stens zwei Anschlagelemente in einer Aniegestellung 
relativ zum mindestens einen Drahtstift bewegbar. Da- 
mit laBt sich auf einfache Weise das Stiitzelement rela- 
tiv zum mindestens einen verbleibenden Wirbelbogen 

5 verspannen, indem das eine Anschlagelement vorzugs- 
weise in Langsrichtung des Drahtstifts bewegt wird. 
[0021] Um eine besonders gute und sichere Verbin- 
dung zu erzlelen, kann es vorteilhaft sein, wenn dermin- 
destens eine Drahtstift mit einem Gewinde versehen ist. 

10 Damit laBt sich der Abstand der beiden Anschlagele- 
mente stufenlos einstellen. 

[0022] Bei einer weiteren vorteilhaften Ausfiihrungs- 
form der Erfindung kann vorgesehen sein, daB der min- 
destens eine Drahtstift mit Rastelementen versehen ist. 
15 Diese sind besonders einfach herzustellen und ermog- 
llchen eine Bewegung eines Anschlagelements relativ 
zum Drahtstift, ohne daB das Anschlagelement gedreht 
werden muB. 

[0023] Zur Venneldung von Verletzungen Ist es be- 
20 senders giinstig, wenn die mindestens zwei Anschlag- 
elemente tellerformig sind. 

[0024] Bel einer weiteren vorteilhaften Ausfiihrungs- 

form der Erfindung kann vorgesehen sein, daB das min- 
destens eine Fixierelement in Richtung auf den Wirbel- 

25 bogen hakenformlg gekriimmt ist und mindestens einen 
am Wirbelbogen angeordneten Pedikel und/oder Dorn- 
fortsatz und/oder Qu erf ortsatz im eingesetzten Zustand 
mindestens teilweise umschlieBt. Mit dieser Ausgestal- 
tung wird das Stutzelement fixiert, indem das Fixierele- 

30 nient praktisch am mindestens einen verbleibenden 
Wirbelbogen eingehakt wird. Seine Form ist so vorge- 
sehen, daB sich das Fixierelement optimal an den ver- 
bleibenden Wirbelbogen anpaBt. 
[0025] Eine besonders stabile Verbindung zwischen 

35 dem Stutzelement und dem mindestens einen verblei- 
benden Wirbelbogen erglbt sich, wenn das mindestens 
eine hakenformlg gekrummte Fixierelement den minde- 
stens einen Pedikel und/oder Dornfortsatz und/oder 
Querfortsatz vollstandig umgibt. 

40 [0026] Eine weitere vorteilhafte Ausfuhrungsform der 
Erfindung sieht vor, daB die mindestens eine Fixiervor- 
richtung ein mit einer Befestigungselementaufnahme 
versehenes Band umfaBt. Das Band kann beispielswei- 
se das Stiitzelement und/oder den mindestens einen 

45 verbleibenden Wirbelbogen umgeben. Mittels der vor- 
gesehenen Befestigungselementaufnahme laBt sich 
das Band am Stiitzelement und/oder am verbleibenden 
Wirbelbogen mit einem zusatzlichen Befestigungsele- 
ment, das beispielsweise auch ein oben genanntes Fi- 

50 xlerelement sein kann, festlegen. 

[0027] Vorzugsweise kann vorgesehen sein, daB die 
mindestens eine Fixiervorrichtung eine das mindestens 
eine Stiitzelement umschlleBende Schelle umfaBt. Eine 
derartige Schelle kann besonders einfach am Stiitzele- 

55 mentfestgelegt werden. Insbesondere kann sie auch ei- 
ne Fixierelementaufnahme aufweisen. 
[0028] Besonders vorteilhaft ist es, wenn die Schelle 
in einer Aniegestellung relativ zum mindestens einen 
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Stutzelement verschiebbar und in einer Fixierstellung 
zum mindestens einen Stutzelement festlegbar ist. Da- 
durch Iaf3t sich die Schelle in der Aniegestellung in eine 
gewunschte Position bringen und in der Fixierstellung 
relativ zum Stutzelement in dieser Position festlegen. 
Die Schelle bildet somit ein Verbindungsglied zwisclien 
dem Stutzelement und dem mindestens einen verblei- 
benden Wirbelbogen , an welchem sie beispielsweise di- 
rekt Oder mittels eines Fixier- oder Befestigungsele- 
ments festgelegt werden kann. 
[0029] Urn eine optimale Positionierung der Fixiervor- 
richtung relativ zum Stutzelement und zum mindestens 
einen verblelbenden Wirbelbogen zu ermogliclien, ist 
es von Vorteil, wenn die mindestens eine Fixiervorrlch- 
tung mindestens ein bewegliches Lagerelement zum 
beliebigen Verschwenken des Fixierelements relativ 
zum mindesten einen Stutzelement umfaBt. 
[0030] Besonders vorteilliaft ist es, wenn das minde- 
stens eine Lagerelement kugelfonnig ist. Damit Ist eine 
Rotation des Lagerelements relativ zum Stutzelement 
um eine beliebige Raumaclise moglich und es laBtsich 
damit beliebig relativ zum Stutzelement orientleren. 
[0031] Um eine optimale Positionierung des Implan- 
tats zu gewahrleisten, ist es gunstig, wenn das minde- 
stens eine Lagerelement einen Absorptionskoeffizient 
fur Rontgenstrahlen aufweist, der von dem des minde- 
stens einen Stutzelements abwelcht. Damit wird wah- 
rend des Einsetzens des Implantats die Positionierung 
des Lagerelements beziehungsweise des Stiitzele- 
ments eindeutig erkennbar. Das Lagerelement kann da- 
her gleiclisam als eine Art Zielvorrichtung dienen, bei- 
spielsweise zum Einsetzen zusatzlicher Fixierelemen- 
te. 

[0032] Bei einer welteren vorteil haften Ausfuh rungs- 
form der Erfindung kann vorgesehen sein, da3 das min- 
destens eine Lagerelement eine mit einer Zentralboh- 
rung versehene Kugel umfaBt. Dies ermoglicht es, bei- 
spielsweise ein Fixierelement durch die Zentralbohrung 
durclizufuhren und mit der Kugel zu verbinden. So ist 
eine relative Bewegung des an der Kugel festgelegten 
beziehungsweisedurchgefuhrten Fixierelements relativ 
zum Stutzelement moglich. 

[0033] Vorzugsweise kann vorgesehen sein, daB das 
mindestens eine Fixierelement ein Nahtmaterial um- 
faf3t, das mit dem mindestens einen Wirbelbogen ver- 
nah- Oder verknotbar ist. Mit einem solchen Fixierele- 
ment laBt sich auf besonders einfache Weise das Stut- 
zelement am verblelbenden Wirbelbogen fixieren, und 
zwar, indem es mit diesem vernaht oder verknotet wird. 
[0034] Um die Verbindung zwischen dem Stutzele- 
ment und dem mindestens einen verblelbenden Wirbel- 
bogen bei Verwendung von Nahtmaterial zu verbes- 
sern, ist es vorteilhaft, wenn die mindestens eine Fixier- 
vorrichtung mindestens einen Knochenankerzum Fixie- 
ren des Nahtmaterials am Wirbelbogen umfaBt. Das 
Nahtmaterial wird auf diese Weise nicht mehr nur ver- 
naht Oder verknotet, sondern zusatzlich im Knochen des 
Wirbelbogens verankert. 



[0035] Um eine Positionierung des Stutzelements re- 
lativ zum mindestens einen verblelbenden Wirbelbogen 
zu verbessern, kann an dem mindestens einen Fixier- 
element ein auf einem Gewinde bewegbarer Anschlag 

5 vorgesehen sein. Mittels des Gewindes laBt sich eine 
Relativposition stufenlos einstellen. Eine solche Ausge- 
staltung ist insbesondere dann von Vorteil, wenn das Fi- 
xierelement in einen Hohlraum oder eine Ausnehmung 
des Stutzelements eindringt. 

10 [0036] Bei einer weiteren vorteilhaften Ausfiihrungs- 
form der Erfindung kann vorgesehen sein, daB das min- 
destens eine Fixierelement einen Fluidkanal zum Ein- 
fuhren eines Fluids in einen Hohlraum des mindestens 
einen Stutzelements und/oder zum Einfuhren eines 

15 aushartbaren Fluids zum Verankern des Fixierelements 
im Wirbelbogen umfaBt. Das Fixierelement hat dadurch 
eine Doppelfunktion: einerseits dient es zur Fixierung 
des Stutzelements, andererseits zur Beschickung des 
Stutzelements mit einem Fluid, beispielsweise fliissi- 

20 gem Knochenzement, der in den Hohlraum eingefullt 
wird, um dort auszuharten. Oder das Fixierelement wird 
selbst Oder erganzend uber den Fluidkanal in den Wir- 
belbogen einzementiert. 

[0037] Vorzugsweise umfaBt die mindestens eine Fi- 
25 xlervorrlchtung mindestens eine am mindestens einen 
Stutzelement vorgesehene Fixierelementaufnahme 
zum Aufnehmen des mindestens einen, am mindestens 
einen Wirbelbogen befestigbaren Fixierelements. Bei- 
spielsweise kann eine solche Fixierelementaufnahme 
30 durch eine an einer Schelle oder einem Band vorgese- 
hene Gewindebohrung realisiert werden. Entscheidend 
ist, daB das Fixierelement mit dem Stutzelement bezie- 
hungsweise einem weiteren Element der Fixiervorrich- 
tung losbar verblndbar ist. 
35 [0038] Beispielsweise kann es vorteilhaft sein, wenn 
die mindestens eine Fixierelementaufnahme eine Ge- 
windebohrung umfaBt. 

[0039] Von Vorteil ist es ferner, wenn das mindestens 
eine Stutzelement eine vom mindestens einen Wirbel- 

40 bogen weg weisende Ausnehmung umfaBt. Dies er- 
moglicht es, daB ein Fixierelement in das Stutzelement 
eindringen und an diesem festgelegt werden kann, bei- 
spielsweise uber eine Mutter oder ein weiteres Verrie- 
gelungselement, das teilweise oder vollstandig in die 

45 Ausnehmung eintauchen kann und somit nicht vom 
Stutzelement absteht. Ferner kann diese Ausnehmung 
mit Knochenzement und/oder Knochenspanen ausmo- 
delliert werden. 

[0040] Zur Verbesserung der relativen Positionierung 
50 zwischen dem Stutzelement und dem mindestens einen 

verblelbenden Wirbelbogen ist es gunstig, wenn die 
Ausnehmung einen Anschlag fur das mindestens eine 
Fixierelement umfaBt. 

[0041] Um eine optimale physiologische Anpassung 
55 des Implantats an dem mindestens einen verblelbenden 
Wirbelbogen zu erreichen, ist es vorteilhaft, wenn das 
mindestens eine Bewegungselement eine mit einer 
dauerhaft flieBfahigen Substanz gefultte Hiille umfaBt. 
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Damit wird eine bandscheibenahliche Funktion durch Figur2: 
das Bewegungselement erzieft. 
[0042] GemaB einer weiteren vorteilhaften Ausfuh- 
rungsform der Erfindung ist das mindestens eine Bewe- 
gungselement aus einer teilweise elastischen Substanz 5 Figur 3: 
hergestellt. Aucli mit einer derartigen Ausgestaltung 
laBt sicli eine kunstliclie Bandsclieibe nnit naliezu alien 
gewunschten physiologisclien Eigenschaften verwirkii- 
chen. Figur 4: 

[0043] Vorzugsweise umfaBt das mindestens eine io 
Bewegungselement konkav Oder konvex gekrummte 
kalottenformige Bereiche zur Bildung von Gleitflachen 
fur daran aniiegende Bereiche des Stiitzkorpers. Da- Figur 5: 
durcli wird die Stabilitat des kiinstliclien Wirbels zusatz- 
licli erholnt, insbesondere eine zusatzliclie Fiihrung des 15 
Bewegungselements am Stiitzkorper gescliaffen. 
[0044] Urn das Implantat auf einfaclie und sichere Figur 6: 
Weise zwisclien benachbarte Wirbelkorper einzupas- 
sen, ist es giinstig, wenn eine dem Implantat zugeord- 
nete Zielvorrichtung vorgeselien ist. Damit laBt sicli 20 
beim Einsetzen des Implantats die Position desseiben Figur 7: 
standig beobachten. Insbesondere ist es moglich, Fi- 
xierelemente oder weitere Telle des Implantats in einer 
gewunscliten Weise relativ zu anderen Teilen des Im- 
plantats Oder dem mindestens einen Wirbelbogen ein- 25 Figur 8: 
zusetzen. 

[0045] Besonders giinstig ist es, wenn die Zielvorrich- 
tung am Implantat angeordnet Ist. Damit laBt sicli die 
Position des Implantats besonders einfach bestimmen. Figur 9: 
[0046] Grundsatzlich gibt es verschiedene Moglich- 30 
kelten, die Zielvorrichtung auszugestalten, vorzugswei- 
se ist die Zielvorrichtung aus einem Material hergestellt, 
das einen Absorptionskoeffizienten fur Rontgenstrahlen Figur 1 0: 
aufwelst, der von dem des mindestens einen Stutzele- 
ments abweicht. Damit laBt sich bei Bestrahlung mit 35 
Rontgenstrahlen die Zielvorrichtung besonders gut er- 
kennen. Figur 11: 

[0047] Urn einen Kontrast bei der Abbildung des Im- 
plantats mittels Rontgenstrahlen zu erhohen, ist es vor- 
teilhaft, wenn das Implantat tm wesentlichen aus fur 40 
Rontgenstrahlen durchlasslgem oder teilweise durch- Figur 12: 
lassigem Material hergestellt ist. Damit kann aus der re- 
lativ zum Implantat bekannten Position der Zielvorrich- 
tung auch die Position des Implantats bestimmt werden, 
wenn der Kontrast zwischen der abgebildeten Zlelvor- 45 Figur 13: 
richtung und dem abgebildeten Implantat ausreichend 
groB ist. 

[0048] Die nachfolgende Beschreibung bevorzugter 
Ausfuhrungsformen der Erfindung dient im Zusammen- Figur 1 4: 
hang mit der Zeichnung der naheren ErIauterung. Es 50 
zelgen: 



eine Langsschnittansicht ahnlich Figur 1 
durch ein zweites Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein drittes Ausfuhrungsbeispiel eines 
implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein viertes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein funftes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Querschnittansicht durch ein sechstes 
Ausfuhrungsbeispiel eines in einer Wirbel- 
saule eingesetzten Implantats; 

eine Querschnittansicht ahnlich Figur 6 
durch ein siebtes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Querschnittansicht ahnlich Figur 6 
durch ein achtes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Querschnittansicht ahnlich Figur 6 
durch ein neuntes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein zehntes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein elftes Ausfuhrungsbeispiel eines 
Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein zwolftes Ausfuhrungsbeispiel ei- 
nes Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein dreizehntes Ausfuhrungsbeispiel 
eines Implantats; 

eine Langsschnittansicht ahnlich Figur 1 
durch ein vierzehntes Ausfuhrungsbeispiel 
eines Implantats; 



Figur 1: Eine Langsschnittansicht eines ersten 
Ausfiihrungsbeispieis eines erfindungsge- 
maBen Implantats, das einen teilweise zer- 
storten Wirbelkorper eines Wirbels in einer 
Wirbelsaule eines Menschen ersetzt; 



Figur 15: eine Langsschnittansicht ahnlich Figur 1 
durch ein funfzehntes Ausfuhrungsbeispiel 

55 eines Implantats; 

Figur 16: eine Querschnittansicht ahnlich Figur 6 
durch ein sechzehntes Ausfuhrungsbei- 



5 



9 



EP 1 290 993 A1 



10 



spiel eines Implantats; 

FlgurlZ: eine Querschnittansicht ahnlich Figur 6 
durch ein siebzehntes Ausfuhrungsbei- 
spiel eines Implantats; 

Figur 18: eine Querschnittansiclit ahnlich Figur 6 
durch ein achtzehntes Ausfuhmngsbei- 
spiel eines Implantats; 

Figur 19: eine Querschnittansicht ahnlich Figur 6 
durch ein neunzehntes Ausfiihrungsbei- 
spiel eines Implantats; 

Figur 20: eine Querschnittansicht ahnlich Figur 6 
durch ein zwanzigstes Ausfuhrungsbei- 
spiel eines Implantats; 

Figur 21 : eine Seitenansicht eines Implantats aus Fi- 
gur 2 mlt einer ersten Variante einer daran 
angeordneten Zieivorrichtung; und 

Figur 22: eine Ansicht ahnlich Figur 21 mit einer 
zweiten Variante einer ann implantat ange- 
ordneten Zieivorrichtung. 

[0049] in Figur 1 ist schematisch ein Ausschnitt einer 
insgesamt nnit dam Bezugszeichen 110 versehenen 
Wirbelsaule dargestellt, wobei zwischen zwei intakten 
Wirbelkorpern 1 1 2 u nd 1 1 4 ein Implantat 1 1 6 eingesetzt 
ist, das einen teilweisen zerstorten Wirbelkorperzumin- 
dest teilweise ersetzt. 

[0050] Das Implantat 1 1 6 umfaBt im wesentlichen ei- 
nen rotationssymmetrischen Stutzkorper 120, der zwei 
in Richtung auf die Wirbelkorper 112 beziehungsweise 
114 hin weisende Stirnflachen 122 und 123 aufwelst. 
Zwischen diese und die benachbarten Wirbelkorper 1 1 2 
und 114 ist jeweiis ein als Bewegungselement wirken- 
der beziehungsweise dienender, kiinstlicher Band- 
scheibenkorper 124 beziehungsweise 125 eingesetzt, 
welcher Jewells mit dem Stutzkorper 120 verbunden ist. 
[0051] Zur Fixierung des Stutzkorpers 120 am Wirbel- 
bogen 1 1 8 des teilweise zerstorten Wirbels ist eine Kno- 
chenschraube 126 vorgesehen, die langs eines Schafts 
128 einen Fluidkanal 130 in Form einer Langsbohrung 
aufweist, dersich von einem Schraubenkopf 132 bis zur 
Schraubenspitze 134 erstreckt. 
[0052] Das Implantat 116 wird eingesetzt. nachdem 
die teilweise zerstorten Strukturen des Wirbels entfernt 
worden sind, zu denen auch die an den benachbarten 
Wirbelkorpern 112 und 11 4 aniiegenden Bandscheiben 
gehoren. Der Stutzkorper 120 mit den daran angeord- 
neten Bandscheibenkorpern 124 und 125 wird an be- 
nachbarte Wirbelkorperflachen 113 und 115 angelegt 
und/oder befestlgt. 

[0053] Von dorsal nach ventral wird die Knochen- 
schraube 126 durch den Wirbeibogen mit seinen ver- 
bliebenen Strukturen hindurchgeschraubt, insbesonde- 



re beispielsweise durch einen Pedikel 168, und zwar so 
welt, bis die Schraubenspitze 1 34 ins Innere des Stutz- 
korpers 120 ragt. Der eine flexible Hulle 121 aufweisen- 
de Stutzkorper 120 wird uber den Fluidkanal 130 mit 
5 Knochenzement gefiillt. Bis zum Ausharten des Kno- 
chenzements muB das Implantat 116 in der gewunsch- 
ten Form gehalten werden. 

[0054] Alternativ ist es moglich, die Knochenschrau- 

be 126 erst nach dem Befullen des Stutzkorpers 120 in 
10 denselben einzuschrauben, Dies kann vor oder nach 
dem Ausharten des Knochenzements geschehen, 
[0055] Die Bandscheibenkorper 124 und 125 sind 
entweder mlt einer dauerhart flleBfahlgen oder einer 
elastischen Substanz gefiillt, beispielsweise einem Hy- 
15 drogel. 

[0056] Ist das Implantat 11 6 auf die oben beschriebe- 
ne Weise fixiert, so bildet es in Verbindung mit dem Wir- 
beibogen 118 einen praktisch voll tunktionsfahigen Wir- 
belersatz. Insbesondere Ist es moglich, die Wirbelkor- 

20 per 112 und 114 relativzueinanderzu bewegen, was bei 
einer Fusion uber ein entsprechendes Implantat nicht 
der Fall ware. Auch die beispielsweise von vom Wirbei- 
bogen 118 beziehungsweise benachbarten Wirbeibo- 
gen abstehenden Facetten 136 und 137 gebildeten Fa- 

25 cettengelenke im dorsalen Bereich der Wirbeibogen 
bleiben bei einem derartigen Implantat voll funktionsfa- 
hlg. 

[0057] In Figur 2 ist ein zweites Ausfuhrungsbeispiel 
eines Insgesamt mit dem Bezugszeichen 216 versehe- 
30 nen Implantats dargestellt, welches in analoger Weise 
wie im Zusammenhang mit dem Implantat 1 1 6 beschrle- 
ben, zwischen zwei benachbarte Wirbelkorper 212 und 
214 eingesetzt wird. 

[0058] Ein Stutzkorper 220 wird an einem verbliebe- 
35 nen Rest eines Wirbels mittels zweier Pedikelschrau- 
ben 298 fixlert. wobel letztere jewells einen Pedikel 268 
durchdringen und in Gewindebohrungen 2104 einge- 
schraubt sind, welche am Stutzkorper 220 vorgesehen 
sind. Eine Relativbewegung des Stutzkorpers 220 rela- 
te tiv zu benachbarten Wirbelkorpern 212 und 214 wird 
mittels zwischengeschalteter Bandscheibenkorper 224 
und 225 realisiert. 

[0059] Ein drittes Ausfuhrungsbeispiel eines Implan- 
tats Ist In Figur 3 Insgesamt mit dem Bezugszeichen 31 6 
45 versehen. Es unterscheidet sich vom Implantat 21 6 im 
wesentlichen durch den anders geformten Stutzkorper 
320, der eine in ventraler Richtung offene Ausnehmung 
338 aufweist. 

[0060] Das implantat 316 umfa3t zwei im wesentli- 
50 Chen zu den Bandscheibenkorpern 224 und 225 identi- 
sche Bandscheibenkorper 324 und 325, die an Wirbel- 
korperflachen 313 beziehungsweise 315 benachbarter 
Wirbelkorper 312 beziehungsweise 314 aniiegen. Eine 
eine dorsale Stutzkorperwand 342 durchsetzende Boh- 
55 rung 340 dient zur Aufnahme einer Knochenschraube 
326, die von ventral nach dorsal in den Wirbeibogen 31 8 
des verbliebenen Tells des Wirbels eingeschraubt ist. 
[0061] Weist die Knochenschraube 326 einen in 
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Langsrichtung verlaufenden Fluidkanal 330 auf, kann 
die Verankerung des Implantats zusatzlich verbessert 
werden, wenn uber den Fluidkanal 330 beispielsweise 
Knochenzennenteingespritztwird. Daruberhinaus kann 
die Ausnehmung 338 mit Knochenzennent gefiillt und 
entsprechend dem ursprunglichen Wirbelkorpernnodel- 
liert werden. 

[0062] Ein viertes, insgesamtmitdem Bezugszeichen 
416 versehenes Implantat ist in Figur4 dargestellt. Ein 
inn wesentlichen zylindrisclier Stutzkorper 420 weist an 
seinen Stirnflachen 422 bezieliungsweise423 sclnwach 
konvex/konkav gekrummte Wolbungen auf, die mit kor- 
respondierenden konkaven/konvexen Gleitflachen bil- 
denden Ausnehnnungen benaclibarter Bandscheiben- 
korper 424 beziehungsweise 425 korrespondieren. Der 
mit einer in dorsaler Richtung geoffneten Ausnehmung 
438 verseliene Stutzkorper 420 wird am zwischen zwei 
Wirbelkorpern 412 und 414 verbliebenen Rest eines 
Wirbels, im wesentliclien dem Wirbelbogen 418, mit ei- 
ner Knoclienscliraube 426 fixiert, indem in die Ausneli- 
mung 438 ein Diibel 444 eingesetzt wird, in den die 
Schraubenspitze434 der den Wirbelbogen 41 8 von dor- 
sal nach ventral durchsetzenden Knochenschraube426 
eindringt und den Dubel 444 aufspreizt. 
[0063] Der Dubel 444 und auch der Stutzkorper 420 
sind vorzugsweise aus rontgendurchlassigem Oder 
rontgenhalbdurclilassigem Material hergestellt und mit 
einer rontgenundurchlassigen Zieleinrichtung, zum Bei- 
spiel einem IVIunsteranerZielinstrument, versehen. Bei- 
spiele fur mogliche Zielvorrichtungen werden im Zu- 
sammenhang mit den Figuren 21 und 22 nalier erlau- 
tert. 

[0064] EinefunfteVariante eines erfindungsgemaBen 

Implantats ist in Figur 5 insgesamt mit den Bezugszei- 
clien 516 versehen. Ein im wesentlichen zyltndrischer 
Stutzkorper 520 weist einen in seiner dorsalen Halfte 
liegenden Hohlraum 546 auf, der von einer Bohrung in 
dorsaler Richtung eroffnet ist. Der Stutzkorper 520 wird 
an verbliebenen Tetlen eines Wirbelbogens 518 mit ei- 
nem einen geriffelten Schaft 550 aufweisenden Stiff 548 
verbunden, der an einem Ende einen test angebrachten 
Kopf 552 aufweist. Ein in den Hohlraum 546 eingesetz- 
ter Verriegelungsteller 554 ist mit einer Langsdurchbre- 
chung 556 versehen, welche zu dem geriffelten Schaft 
550 korrespondierende Rastelemente aufweist. Der 
Verriegelungsteller 554 wird somit auf dem Schaft 550 
verrastet und der Stutzkorper mit in bereits bekannter 
Weise angeordneten Bandscheibenkorpern 524 und 
525 zwischen zwel Wirbelkorpern 512 beziehungswei- 
se 514 festgelegt. 

[0065] Alternativ kann statt des Stifts 548 auch eine 
Blindnietverbindung zwischen dem Stutzkorper 520 und 
dem Wirbelbogen 518 mittels einem teilweise in den 
Hohlraum 546 eindringenden Blindniet hergestellt wer- 
den. 

[0066] Alternativ ist auch eine Fixierung von ventral 
nach dorsal moglich, wenn sich der Hohlraum 546 in 
ventraler Richtung eroffnet. 



[0067] In Figur 6 ist ein sechstes Ausfuhrungsbeispiel 
eines insgesamt mit dem Bezugszeichen 616 versehe- 
nen Implantats abgebildet. 

[0068] Es umfaBt einen im Querschnitt im wesentli- 

5 chen elliptischen Stutzkorper 620, der zwei Querboh- 
rungen 658 beziehungsweise 659 aufweist, deren 
Langsachsen in dorsaler beziehungsweise ventraler 
Richtung einen spitzen Winkel einschlieBen oder paral- 
lel verlaufen. Zur Befestigung des Stutzkorpers 620 an 

10 einem verbliebenen Wirbelbogen 618 wird ein Drahtstift 
Oder ein Drahtseil 660 durch jeweils eine Querbohrung 
658 beziehungsweise 659 hindurchgeschoben, wobei 
der Drahtstift 660 an beiden Enden tellerfonnige An- 
schlagelemente 662 und 663 aufweist, von denen zu- 

15 mindest eines relativ zum Drahtstift 660 in einer Anle- 
gestellung bewegbar ist. Der einseitig mit einem An- 
schlagelement 672 versehene Drahtstift 660 wird durch 
den verbliebenen Wirbelbogen 618 und die Querboh- 
rung 658 hindurchgeschoben und ein zweites Anschla- 

20 gelement 663 auf dem Drahtstift fixiert. Hierfur kann der 
Drahtstift 660 mit Rastelementen oder einem Gewinde 
versehen sein, wobei das Anschlagelement 663 korre- 
spondierend zum Drahtstift 660 ausgebildet ist. Durch 
ein Verschieben des Anschlagelements 664 relativ zum 

25 Drahtstift 660 kann der Stutzkorper 620 am verbliebe- 
nen Wirbelbogen 618 festgezurrt werden. 
[0069] In den Figuren 7, 8 und 9sind dreiweitere Aus- 
fuhrungsbeispiele insgesamt mit den Bezugszeichen 
716, 816 und 916 versehener Implantate dargestellt. 

30 [0070] Das Implantat 716 umfaBt einen Stutzkorper 
720, der zwei in analoger Weise wie am Implantat 616 
angeordnete Querbohrungen 758 und 759 aufweist. In 
diese ist jeweils ein Haken 764 beziehungsweise 765 
eingesetzt, der in dorsaler Richtung aus dem Stutzkor- 

35 per 720 vorsteht und jeweils einen Dornfortsatz 766 be- 
ziehungsweise 767 eines verbliebenen Wirbelbogens 
718 teilweise umschlieBt und auf diese Weise den 
Stutzkorper 720 am Wirbelbogen 71 8 fixiert. 
[0071] Das in Figur 8 dargestellte Implantat 816 um- 

40 faBt einen Stutzkorper 820, der mit einer Klammer 870 
an einer verbliebenen Struktur eines Wirbelbogens 816 
festgelegt wird, indem die im wesentlichen U-formige 
Klammervon dorsal uber zwei Pedikel 868 beziehungs- 
weise 869 mitfrelen Enden 872 beziehungsweise 873 

45 den Stutzkorper 820 umgreifend festgelegt wird. Klam- 
merenden 872 beziehungsweise 873 sind aufeinander 
zu weisend gekriimmt und fixieren dadurch den Stutz- 
korper 820 am verbliebenen Wirbelbogen 818. 
[0072] Das Implantat 916 vereint Eigenschaften der 

50 Implantate 716 und 816. So weist ein Stutzkorper 920 
analog zum Stutzkorper 720 Querbohrungen 958 und 
959 auf, durch die freie Enden 872 und 873 einer im 
wesentlichen U-formigen Klammer 970 von dorsal nach 
ventral durchgeschoben und aufeinander zu umgebo- 

55 gen werden. Wie die Klammer 870 umschlieBt die Klam- 
mer 970 Pedikel 868 und 869 eines verbliebenen Wir- 
belbogens 918 eines teilweise entfernten Wirbels. Die 
beiden Haken 764 und 765 sowie die beiden Klammern 
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870 beziehungsweise 970 konnen beispielsweise aus 
Nitinol hergestellt sein. 

[0073] Figur 10 zeigt ein zehntes Ausfuhrungsbei- 
sptel eines insgesamt mit dem Bezugszeichen 1016 
versehenen Implantats. 

[0074] Es weist wie alle oben beschriebenen Implan- 
tate einen Stiitzkorper 1 020 und zwei an diesen benach- 
bart angrenzende Bandscheibenkorper 1024 und 1025 

auf, welchewiederum an von einenn teilweisezerstorten 
Wirbelkorper getrennte Wirbelkorper 101 2 beziehungs- 
weise 1014 angrenzen, 

[0075] Der Stutzkorper 1020 weist eine oder zwei 
Querbohrungen 1058 auf, deren Durclimesser sich in 
dorsaler Richtung einstufig erweitert. In die Querboli- 
rung tst von dorsal eine langliche Klannnner 1 070 einge- 
setzt, deren f reie Klammerenden 1 072 und 1 073 aufein- 
ander zu weisend einen Dornfortsatz 1066 eines Wir- 
belbogens 1018 teilweise unngrelfen. Durch den einen 
kleineren Durchnnesser aufweisenden Abschnitt der 
Querbohrung 1058 ragt eine mit ilirem Kopf ann ventra- 
len Ende der Querbohrung 1 058 anschlagende Schrau- 
be 1074, die mit der Klammer 1070 im Bereich deren 
ventralen Endes verschraubt ist. 
[0076] Ein elftes Ausfiihrungsbeispiel eines Implan- 
tats 1116 ist in Figur 11 abgebildet. 
[0077] Ein zwischen zwei Bandscheibenkorper 1 1 24 
und 1125 eingesetzter Stutzkorper 1120 wird von einer 
Schelle 1176 umgeben, die einseitig eine Schrauben- 
kopfaufnahme 1178 aufweist, so daB eine Schraube 
1 1 74 von einer dorsalen Selte des Stiitzkorpers 1120 in 
dorsaler Richtung in einen verbliebenen Tell eines zwi- 
schen zwei Wirbelkorpern 1112 und 1114 beflndlichen 
Wirbeibogens 1118 eingeschraubt werden kann. Die 
Schelle 1 1 76 ist in einer Aniegestellung am Stutzkorper 
1120 langsverschtebltch gelagert, in einer Fixierstellung 
relativ zum Stutzkorper 1120 festgelegt. 
[0078] In Figur 1 2 ist ein insgesamt mit dem Bezugs- 
zeichen 1216 versehenes Implantat dargestellt, das ei- 
nen mit einem AuBengewinde versehenen zylindri- 
schen Stutzkorper 1220 aufweist, dessen Stirnflachen 
an benachbarten Bandscheibenkorpern 1224 und 1225 
aniiegen, die eine Relattvbewegung des Stutzkorpers 
1220 relativ zu an den beiden Bandscheibenkorpern 
1224 und 1225 angrenzenden Wirbelkorpern 1212 und 
1214 ermoglichen. Der Stutzkorper 1220 wird an einem 
verbliebenen Rest eines Wtrbels fixiert, indem eine 
Schraube 1274 von dorsal nach ventral mit einem Wir- 
belbogen 1 21 8 verschraubt wird beziehungsweise die- 
sen durchsetzt und in eine von mehreren mit einem kor- 
respondierenden Gewinde versehenen Radialbohrun- 
gen eines auf den Stutzkorper 1220 aufgeschraubten 
Lagerring eingeschraubt wird. Eine optimale Anpas- 
sung der Position des Stutzkorpers 1220 relativ zum 
Wirbelbogen 1 21 8 wird ermoglicht, indem zunachst der 
Ring 1280 durch Verdrehen urn den Stutzkorper 1220 
in die gewiinschte Position gebracht wird, und dann die 
Schraube 1274 in eine der mit einem Gewinde verse- 
henen Radialbohrungen 1282 eingeschraubt wird. 



[0079] Mit einem insgesamt mit dem Bezugszeichen 
1316 versehenen und in Figur 13 dargestellten drei- 
zehnten Ausfuhrungsbeispiel eines Implantats ist eben- 
falls eine optimale Anpassung eines Stutzkorpers 1320 

5 an einen verbliebenen Teil eines Wirbels moglich. Zu 
diesem Zweck ist in eine Querbohrung 1358 eine Kugel 
1 384 eingesetzt und vollstandig frei rotierbar gelagert in 
korrespondierenden Kugelflachen 1385 beziehungs- 
weise 1386 der Querbohrung 1358. Die Kugel 1384 wie- 

10 derum weist eine durch ihren Mittelpunkt verlaufende 
Zentralbohrung 1387 auf, in die ein gewindefreier 
Schaftabschnitt einer Knochenschraube 1388 einge- 
fiihrt ist. Durch diese besondere Lagerung der Kno- 
chenschraube 1388 mittels der Kugel 1384 laBt sich ei- 

15 ne Relativposition zwischen dem Stutzkorper 1 320 und 
einem Wirbelbogen 1 31 8 nahezu beliebig einstellen. Ei- 
ne Relativbewegung zwischen dem Stutzkorper 1320 
und benachbarten Wirbelkorpern 1312 und 1314 wird 
iiber Jewells dazwischen liegende Bandscheibenkorper 

20 1324 und 1325 ermoglicht. 

[0080] Durch eine geeignete Materialwahl der Kugel 
1384 ist eine genaue Positionsbestimmung der Kno- 
chenschraube 1388 beim Einsetzen des Implantats 
1316 unter Rontgenkontrolle moglich. 

25 [0081] Ein Insgesamt mit dem Bezugszeichen 1416 
versehenes Implantat ist in Figur 14 dargestellt. Es wird 
an einem verbliebenen Tell eines Wirbels festgelegt, in- 
dem ein Stutzkorper 1420 mit einer Querbohrung 1458 
versehen wird, durch welche ein Gewindestab 1490 

30 durchgesteckt wird. Letzterer Ist in zwei Gewindeab- 
schnitte unterteilt, die durch einen ringformigen, auf ei- 
nen der Abschnitte aufgeschraubten Anschlag 1 492 ge- 
trennt sind. Durch den Anschlag 1492 wird verhindert, 
daf3 der Gewindestab 1 490 beliebig tief in einen Wirbel- 

35 bogen 1418 eindringen kann. Mittels einer Mutter 1491 , 
die mit dem die Querbohrung 1458 durchdringenden 
Gewindeabschnitt des Gewindestabs 1490 verschraub- 
bar ist, wird der Stutzkorper 1420 in seiner Position fi- 
xiert. 

40 [0082] Eine Relativbewegung zwischen dem Stiitz- 
korper 1 420 und benachbarten Wirbelkorpern 1 41 2 und 
1414 wird mittels zwischengeschobener Bandschei- 
benkorper 1424 und 1425 ermoglicht. 
[0083] Bel einem in Figur 15 dargestellten funfzehn- 

45 ten Ausfuhrungsbeispiel eines insgesamt mit dem Be- 
zugszeichen 1516 versehenen Implantats wird eine 
Verbindung zwischen einem Stiitzkorper 1520 und ei- 
nem verbliebenen Wirbelbogen 1518 eines teilweise 
entfernten Wirbels mittels eines beliebigen Nahtmateri- 

50 als 1 594 realisiert. Der Stiitzkorper 1 520 weist vorzugs- 
weise Durchbrechungen zum Durchfiihren des Naht- 
materials 1594 auf, welches beispielsweise ein Faden 
Oder ein Drahtsein kann. Insbesondere bei einem hoh- 
len Stiitzkorper 1520 mit einer Hulle aus einem Draht- 

55 geflecht, laBt sich so auf einfache Weise der Stiitzkorper 
1520 am Wirbelbogen 1518 fixieren. 
[0084] In ahnlicher Weise wie im Zusammenhang mit 
dem in Figur 8 beschriebenen Implantat 816 wird ein 
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Stutzkorper 1 620 eines in Figur 1 6 dargestellten Implan- 
tats 1616 an verbleibenden Teilen eines tellweise zer- 
storten Wirbels fixiert, indem ein Band 1695 oder ein 
Flachband um den Stutzkorper 1620 herumgelegt wird 
und freie Enden 1696 und 1697 des Bandes 1695 mit 
jeweils einer Pedikelschraube 1 698 und 1 699 in jeweils 
einen Pedikel 1668 und 1669 befestigt werden. 
[0085] In den Figuren 17 bis 20 sind jeweils Implan- 
tate dargestellt, die mittels eines Fadens oder Dralits an 
Resten eines verbliebenen Wirbels fixiert werden, bei- 
spielsweise durch Nahen oder Verknoten. 
[0086] Ein siebzehntes, insgesamt mit dem Bezugs- 
zetchen 1 71 6 versehenes Implantat wird mit einem Fa- 
den 17100 fixiert, indem dieser um einen Stutzkorper 
1720 herumgelegt und mit seinen freien Enden jeweils 
an einem Querfortsatz 1766 beziehungswelse 1767 ei- 
nes Wirbelbogens 1718 durch Nahen oder Knoten fest- 
gelegt wird. 

[0087] Analog zum Implantat 1 71 6 ist das in Figur 1 8 

dargestellte und insgesamt mit dem Bezugszeichen 
1816 versehene Implantat ebenfalls mit einem Faden 
18100 an einem Wirbelbogen 1818 fixiert, allerdings 
nicht an seitlich abstehenden Querfortsatzen 1866 be- 
ziehungswelse 1867, sondern an einem in dorsaler 
Richtung abstehenden Dornfortsatz 18102. Der Faden 
18100 Ist um einen Stutzkorper 1820 herumgelegt und 
am Dornfortsatz 18102 vernaht beziehungswelse ver- 
knotet. 

[0088] Das in Figur 1 9 insgesamt mit dem Bezugszei- 
chen 191 6 versehene neunzehnte Ausfuhrungsbelspiel 

eines erfindungsgemaBen Implantats wird mit einem 
Faden 1 91 00 analog dem Implantat 1 71 6 an einem ver- 
bliebenen Wirbelbogen 1918 fixiert, indem freie Enden 
des Fadens 1 91 00 um seitlich abstehende Querfortsat- 
ze 1966 beziehungswelse 1967 herumgeschlungen 
und mit diesenverknotet beziehungswelse vernaht wer- 
den. Ein Unterschied zum Implantat 1716 besteht aller- 
dings dahn, daB ein Stutzkorper 1920 mit zwei relativ 
zueinander geneigten Querbohrungen 1958 und 1959 
versehen ist, durch die der Faden 19100 hindurchge- 
fuhrt ist, so daB er den Stutzkorper 1 920 nicht wie beim 
siebzehnten Ausfuhrungsbelspiel vollstandig umglbt, 
sondern tellweise durchsetzt. 

[0089] Das In Figur 20 dargestellte zwanzlgste Aus- 

fuhrungsbeispiel eines insgesamt mit dem Bezugszei- 
chen 2016 versehenen Implantats stellt etne Kombina- 
tion des achtzehnten und neunzehnten Ausfuhrungs- 
beispiels dar. Ein Faden 20100 durchsetzt zwei Quer- 
bohrungen 2058 und 2059 eines Stutzkorpers 2020, ist 
um zwei abstehende Pedikel 2068 und 2069 herumge- 
fuhrt und schlieBlich mit einem in dorsaler Richtung ab- 
stehenden Dornfortsatz 20102 verknotet oder vernaht. 
[0090] In den Figuren 21 und 22 sInd zwei mogllche 
Ausgestaltungen von Zielvorrichtungen dargestellt. 
[0091] Figur 21 zeigt ein einundzwanzigstes Ausfuh- 
rungsbelspiel eines insgesamt mit dem Bezugszeichen 
21 16 versehenen Implantats, das im wesentlichen dem 
in Figur 2 dargestellten entspricht. Zur Vereinfachung 



sind lediglich ein mit einer Gewindebohrung 21104 ver- 
sehener Stutzkorper 21 20 sowie die daran aniiegenden 
Bandscheibenk6rper2124 und 2125 eingezeichnet. 
[0092] Eine insgesamt mit dem Bezugszeichen 21 1 08 

5 versehene Zielvorrichtung umfaBt drei radial vom Stutz- 
korper 2120 abstehende, als Eckpunkte eines gleich- 
seitigen Dreiecks angeordnete, aus einem rontgenun- 
durchlassigen Material hergestellte Metallstifte 21110. 
Im Schwerpunkt des gleichschenkligen Dreiecks ist ein 

10 weiterer Metallstift 21111 angeordnet. Die insgesamt 
vier Metallstifte 21110 und 21111 konnen bellebig am 
Stutzkorper 2 120 angeordnet seln. Sie dienen dazu, ein 
mit dem Stutzkorper 2120 zu verblndendes Flxlerele- 
ment gezielt relativ zu ersterem zu positionieren und 

15 einzufuhren. 

[0093] Figur 22 zeigt eine weltere Variante einer Ziel- 
vorrichtung 22108, die im wesentlichen aus einem im 
Zentrum eines Metallrlngs 22114 angeordneten Metall- 
stift 22111 besteht. Die Zielvorrichtung 22108 kann an 

20 einem beliebigen der oben beschriebenen implantate 
angeordnet werden. In Figur 22 ist sie beispielhaft an 
einem bereits im Zusammenhang mit der Figur 2 be- 
schriebenen Implantat angeordnet, das insgesamt mit 
dem Bezugszeichen 221 6 versehen ist, einen Stiitzkor- 

25 per 2220 und zwei daran anilegende Bandscheibenkor- 
per 2224 und 2225 umfaBt. 

[0094] Sowohl die Im Zusammenhang mit der Figur 
21 als auch die im Zusammenhang mit der Figur 22 vor- 
gestellten Zieleinrichtungen 21108 und 22108 ermogli- 

30 Chen es, aufgrund einer Bestrahlung mittels Rontgen- 
strahlen eine eindeutige und genaue Positionierung des 
Stutzkorpers relativ zu einem nicht dargestellten, aber 
jeweils im Zusammenhang mit den Ausfuhrungsbei- 
splelen eins bis zwanzig beschriebenen FIxlerelement 

35 zu gewahrleisten. 



Patentanspruche 

40 1. Implantat (116, 216, 316, 416, 516, 616, 716, 816, 
916, 1016, 1116, 1216, 1316, 1416, 1516, 1616, 
1716, 1816, 1916, 2016, 2116, 2216)zum Ersetzen 
mindestens eines mindestens tellweise zerstorten 
WIrbelkorpers eines Wirbels und zum Einsetzen 

45 zwischen einem ersten und einem zweiten Wirbel- 
korper (112, 114) einer Wirbelsaule (110, 210, 310, 
410, 510, 610, 710, 810, 910, 1010, 1110, 1210, 
1310, 1410, 1510, 1610, 1710, 1810, 1910, 2010, 
21 1 0, 221 0), mit mindestens einem Bewegungsele- 

50 ment (124, 125: 224, 225; 324, 325; 424, 425; 524, 
525; 1024, 1025; 1124, 1125; 1224, 1225; 1324, 
1325; 1424, 1425; 1524, 1525; 2124, 2125; 2224, 
2225) und mindestens einem Stiitzelement (120; 
220; 320; 420; 520; 620; 720; 820; 920; 1 020; 1 1 20; 

55 1220; 1320; 1420; 1520; 1620; 1720; 1820; 1920; 
2020; 2120; 2220), wobei das mindestens eine Be- 
wegungselement (124, 125; 224, 225; 324, 325; 
424, 425; 524, 525; 1024, 1025; 1124, 1125; 1224, 
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1225; 1324, 1325; 1424, 1425; 1524, 1525; 2124, 
2125; 2224, 2225) dem Stiitzelement (120; 220; 
320; 420; 520; 620; 720; 820; 920; 1020; 1120; 
1220; 1320; 1420; 1520; 1620; 1720; 1820; 1920; 
2020; 2120; 2220) und dem ersten und/oder dem 
zweiten Wirbelkorper (112,114) zugeordnet ist zum 
Ermoglichen einer Bewegung des mindestens ei- 
nen Stutzelements (120; 220; 320; 420; 520; 620; 
720; 820; 920; 1020; 1120; 1220; 1320; 1420; 1520; 
1620; 1720; 1820; 1920; 2020; 2120; 2220) relativ 
zu dem ersten und/oder dem zweiten Wirbelkorper 
(112, 114), dadurch gekennzeichnet, dal3 minde- 
stens eine mit mindestens einem Wirbelbogen (1 1 8; 
21 8; 31 8; 41 8; 51 8; 61 8; 71 8; 81 8; 91 8; 1018; 1118; 
1218; 1318; 1418; 1518; 1618; 1718; 1818; 1918; 
2018) der Wirbelsaule verbundene Fixiervorrlch- 
tung (126; 298; 326, 338; 426, 444, 438; 546, 548, 
554; 660, 662, 663; 764, 765; 870; 970; 1073, 1074; 
1174, 1176, 1178; 1274, 1280; 1386, 1388; 1490, 
1491, 1492; 1594; 1695, 1698, 1699; 17100; 
1 81 00; 1 91 00; 201 00) vorgesehen ist zum Fixieren 
des mindestens einen Stutzelements (120; 220; 
320; 420; 520; 620; 720; 820; 920; 1020; 1120; 
1220; 1320; 1420; 1520; 1620; 1720; 1820; 1920; 
2020; 2120; 2220) an dem mindestens einen Wir- 
belbogen (118; 218; 318; 418; 518; 618; 718; 818; 
918; 1018; 1118; 1218; 1318; 1418; 1518; 1618; 
1718; 1818; 1918; 2018). 

2. Implantat nach Anspruch 1, dadurch gekenn- 
zeichnet, daf3 die mindestens eine Fixiervorricli- 
tung (126; 298; 326, 338; 426, 444, 438; 546, 548, 
554; 660, 662, 663; 764, 765; 870; 970; 1 073, 1 074; 

1174, 1176, 1178; 1274, 1280; 1386, 1388; 1490, 
1491, 1492; 1594; 1695, 1698, 1699; 17100; 
18100; 19100; 20100) mit dem mindestens einen 
Stiitzelement (120; 220; 320; 420; 520; 620; 720; 
820; 920; 1020; 1120; 1220; 1320; 1420; 1520; 
1620; 1720; 1820; 1920; 2020; 2120; 2220) und 
dem mindestens einen Wirbelbogen (1 1 8; 21 8; 31 8; 
418; 518; 618; 718; 818; 918; 1018; 1118; 1218; 
1318; 1418; 1518; 1618; 1718; 1818; 1918; 2018) 
des teilweise zerstorten Wirbels verbindbar ist. 

3. Implantat nach einem der voranstehenden Anspru- 
che, dadurch gekennzeichnet, daB das minde- 
stens eine Stiitzelement (220; 320; 420; 520; 620; 

720; 820; 920; 1020; 1120; 1220; 1320; 1420; 1620; 
1 720; 1 820; 1 920; 2020) im wesentlichen biegesteif 
ist. 

4. Implantat nach einem der voranstehenden Ansprii- 
che, dadurch gekennzeichnet, daB das minde- 
stens eine Stiitzelement (1 20; 320; 420; 520; 1 520; 
2220; 2320) einen Hohlraum (338; 438; 546) auf- 
weist. 

5. Implantat nach einem der voranstehenden Ansprii- 



che, dadurch gekennzeichnet, daB das minde- 
stens eine Stiitzelement (120; 320; 420; 520; 1520; 
2220; 2320) eine mit einer aushartbaren Substanz 
fiiilbare Hiille umfa3t. 

5 

6. Implantat nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die Hiille (120; 1520; 2220; 2320) 
biegeschlaff und/oder flexibel ist. 

10 7. Implantat nach einem der Anspriiche 5 oder 6, da- 
durch gekennzeichnet, daB die aushartbare Sub- 
stanz Knochenzement ist. 

8. Implantat nach einem der voranstehenden Ansprii- 
15 che, dadurch gekennzeichnet, daB die minde- 
stens eine Fixiervorrichtung mindestens ein Fixier- 

element (126; 298; 326, 338; 426, 444, 438; 546, 
548, 554; 660, 662, 663; 764, 765; 870; 970; 1073, 
1074; 1174, 1176, 1178; 1274, 1280; 1386, 1388; 
20 1490, 1491, 1492; 1594; 1695, 1698, 1699; 17100; 
18100; 19100; 20100) umfaBt. 

9. Implantat nach Anspruch 8, dadurch gekenn- 
zeichnet, daB das mindestens eine Fixierelement 

25 mindestens eine Schraube (126; 326; 426; 1074; 
1174; 1274; 1388; 1698, 1699), eine Pedikelschrau- 
be (298), einen Stift (548; 660; 1490), einen Haken 
(764, 765; 870; 970; 1073) Oder einen Dubel (444) 
umfaBt. 

30 

10. Implantat nach Anspruch 9, dadurch gekenn- 
zeichnet, daB der mindestens eine Diibel (444) in 
einen Hohlraum (438) des mindestens einen Stiit- 

zelements (420) einsetzbar und die mindestens ei- 
35 ne Schraube (426) mit dem mindestens einen Dii- 
bel (444) verbindbar ist. 

11 . Implantat nach einem der Anspruche 8 bis 1 0, da- 
durch gekennzeichnet, daB das mindestens eine 

40 Fixierelement einen Blindniet (554) umfaBt. 

12. Implantat nach einem der Anspruche 8 bis 11, da- 
durch gekennzeichnet, daB das mindestens eine 
Fixierelement (444; 554) spreizbar ist und daB es 

45 insbesondere einen spreizbaren Stift umfaBt. 

13. Implantat nach einem der voranstehenden Ansprii- 
che, dadurch gekennzeichnet, daB die minde- 
stens eine Fixiervorrichtung mindestens einen 

50 Drahtstift (550; 660) mit mindestens zwel relativ 
zum mindestens einen Drahtstift (550; 660) in einer 
Fixierstellung in Langsrichtung des mindestens ei- 
nen Drahtstifts (550; 660) festlegbaren Anschlage- 
lementen (552, 554; 662, 663) umfaBt. 

55 

14. Implantat nach Anspruch 13, dadurch gekenn- 
zeichnet, daB mindestens eines der mindestens 
zwel Anschlagelemente (662, 663) in einer Anlege- 
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stellung relativ zum mindestens einen Drahtstift 
(550; 660) bewegbar ist. 

15. Implantat nach einem der Anspruchen 13 oder 14, 
dadurch gekennzeichnet, daB der mindestens ei- 5 
ne Drahtstift (550; 660) mit einem Gewinde verse- 
hen ist. 

16. Implantat nach einem der Anspruche 13 bis 15, da- 
durch gekennzeichnet, daB der mindestens eine io 
Drahtstift (660) mit Rasteiementen versehen ist. 

17. Implantat nach einem der Anspruche 1 3 bis 1 6, da- 
durch gekennzeichnet, daf) die mindestens zwei 
Anschlagelemente (552, 554; 662, 663) tellerformig 15 
sind. 

18. Implantat nach einem der Anspruche 8 bis 17, da- 
durch gekennzeichnet, daB das mindestens eine 

Fixiereiement (764, 765; 870; 970: 1070; 1695) in 20 
Richtung auf den Wirbelbogen (1 1 8; 21 8; 31 8; 41 8; 
518; 618; 718; 818; 918; 1018; 1118; 1218; 1318; 
1418; 1518; 1618; 1718; 1818; 1918; 2018) haken- 
formig gekrummt ist und mindestens einen am Wir- 
belbogen (118; 218; 318; 418; 518; 618; 718; 818; 25 
918; 1018; 1118; 1218; 1318; 1418; 1518; 1618; 
1718; 1818; 1918; 2018) angeordneten Pedikei 
(868, 869; 968, 969; 1068; 1668, 1669) und/oder 
Dornfortsatz und/oder Querfortsatz (766, 767) im 
eingesetzten Zustand mindestens teilweise urn- 30 
schlieBt. 

19. Implantat nach Anspruch 18, dadurch gekenn- 
zeichnet, daB das mindestens eine hakenformig 
gekrummte Fixiereiement den mindestens einen 35 
Pedikei und/oder Dornfortsatz und/oder Querfort- 
satz volistandig umgibt. 

20. Implantat nach einem der voranstehenden Anspru- 
che, dadurch gekennzeichnet, daB die minde- 40 
stens eine Fixiervorrichtung ein mit einer Befesti- 
gungseiementaufnahme versehenes Band (1695) 
umfaBt. 

21 . implantat nach einem der voranstehenden Anspru- 45 
che, dadurch gekennzeichnet, daB die minde- 
stens eine Fixiervorrichtung eine das mindestens 
eine Stutzelement (1120; 1220) umschiiel3ende 
Schelle(1176; 1280) umfaBt. 

50 

22. Implantat nach Anspruch 21, dadurch gekenn- 
zeichnet, daB die Schelie (1 1 76; 1 280) in einer An- 
legesteiiung reiativ zum mindestens einen Stutze- 
lement (1120; 1220) verschiebbar und in einer Fi- 
xierstellung relativ zum mindestens einen Stutzele- 55 
ment (1120; 1220) festiegbar ist. 

23. Implantat nach einem der voranstehenden Anspru- 



che, dadurch gekennzeichnet, daB die minde- 
stens eine Fixiervorrichtung mindestens ein beweg- 
liches Lagerelement (1384) zum beiiebigen Ver- 
schwenken des Fixierelements (1388) relativ zum 
mindestens einen Stiitzeiement (1320) umfaBt. 

24. Implantat nach Anspruch 23, dadurch gekenn- 
zeichnet, daB das mindestens eine Lagerelement 
(1384) kugeiformig Ist. 

25. Implantat nach einem der Anspruche 23 oder 24, 
dadurch gekennzeichnet, daB das mindestens ei- 
ne Lagerelement (1384) einen Absorptionskoeffizi- 
ent fur Rontgenstrahlen aufwetst, der von dem des 
mindestens einen Stutzeiements (1320) abweicht. 

26. Implantat nach einem der Anspruche 23 bis 25, da- 
durch gekennzeichnet, daB das mindestens eine 
Lagerelement eine mit einer Zentraibohrung verse- 
hene Kugei (1384) umfaBt. 

27. implantat nach einem der Anspruche 8 bis 26, da- 
durch gekennzeichnet, daB das mindestens eine 
Fixiereiement ein Nahtmaterial (1594; 17100; 
1 81 00; 1 91 00; 201 00) umfaBt, das mit dem minde- 
stens einen Wirbelbogen (1518; 1718; 1818; 1918; 
201 8) vernah- oder verknotbar ist. 

28. Implantat nach Anspruch 27, dadurch gekenn- 
zeichnet, daB die mindestens eine Fixiervorrich- 
tung mindestens einen Knochenankerzum Fixieren 
des Nahtmaterials (1594; 17100; 18100; 19100; 
201 00) am Wirbelbogen (1 51 8; 1 71 8; 1 81 8; 1 91 8; 
2018) umfaBt. 

29. implantat nach einem der Anspruche 8 bis 28, da- 
durch gekennzeichnet, daB an dem mindestens 
einen Fixiereiement (1490) ein auf einem Gewinde 
bewegbarer Anschlag (1492) vorgesehen ist. 

30. Implantat nach einem der Anspruche 8 bis 29, da- 
durch gekennzeichnet, daB das mindestens eine 
Fixiereiement (126; 326) einen Fluidkanal (130; 
330) zum Einfuhren eines Fluids in einen Hohlraum 
des mindestens einen Stutzeiements (120) und/ 
Oder zum Einfuhren eines aushartbaren Fluids zum 
Verankern des Fixierelements (328) im Wirbelbo- 
gen umfaBt. 

31 . implantat nach einem der Anspruche 8 bis 30, da- 
durch gekennzeichnet, daB die mindestens eine 
Fixiervorrichtung mindestens eine am mindestens 
einen Stutzelement vorgesehene Fixiereiement- 

aufnahme (21 04; 340; 438; 546; 658, 659; 758, 759; 
958, 959; 1058; 1178; 1282; 1358; 1458; 1958, 
1959; 2058, 2059; 21104; 22104) zum Aufnehmen 
des mindestens einen, am mindestens einen Wir- 
belbogen (218; 318, 418, 518, 618, 718; 918, 1018, 



11 



21 



EP 1 290 993 A1 



22 



1118, 1218, 1318, 1418; 1918; 2018; 2118; 2218) 
befestigbaren FIxierelements (298; 326, 426; 548; 
660; 764, 765; 970; 1070, 1074; 1174; 1274; 1388; 
1490; 19100, 20100; 2198; 2298) umfaBt. 

5 

32. Implantat nach Anspruch 31, dadurch gekenn- 
zeichnet, dal3 die mindestens eine Fixierelement- 
aufnahme eine Gewindebohrung (2104; 1282; 
21104; 22104) umfaBt. 

10 

33. Implantat nach einem der voranstehenden Anspru- 
clie, dadurch gekennzeiclinet, daB das nninde- 
stens eine Stutzelement (320) eine vom minde- 
stens einen Wirbelbogen (31 8) weg weisende Aus- 
nelimung (338) umfaBt. is 

34. Implantat nach Anspruch 33, dadurch gekenn- 
zelchnet, da6 die Ausnehmung (338) einen An- 
schlag fur das mindestens eine Fixierelement (326) 
umfaBt. 20 



816; 916; 1016; 1116; 1216; 1316; 1416; 1516; 
1616; 1716; 1816; 1916; 2016; 2116; 2216) ange- 
ordnet ist. 

Implantat nach einem der Anspriiche 38 oder 39, 
dadurch gekennzeichnet, daR die Zielvorrichtung 
(21108; 22108) aus einem Material hergestellt ist, 
das einen Absorptionskoeffizient fur Rontgenstrah- 

len aufweist, der von dem des mindestens einen 
Stutzelements (120; 220; 320; 420; 520; 620; 720; 
820; 920; 1020; 1120; 1220; 1320; 1420; 1520; 
1620; 1720; 1820; 1920; 2020). 

Implantat nach einem der Anspriiche 38 bis 40, da- 
durch gekennzeichnet, daB das Implantat (116; 
216; 316; 416; 516; 616; 716; 816; 916; 1016; 1116; 
1216; 1316; 1416; 1516; 1616; 1716; 1816; 1916; 
2016; 2116; 2216) im wesentlichen aus fiir Ront- 
genstrahlen durchlassigem oder teilweise durch- 
lassigem Material hergestellt Ist. 



35. Implantat nach einem der voranstehenden Ansprii- 
che, dadurch gekennzeichnet, daB das minde- 
stens eine Bewegungselement (124, 125) eine mit 
einerdauerhaftflieBfahlgenSubstanzgefijIlteHiille 25 
umfaBt. 



36. Implantat nach einem der voranstehenden AnsprQ- 
che, dadurch gekennzeichnet, daB das minde- 
stens eine Bewegungselement (224, 225; 324, 325; 30 
424, 425; 524, 525; 624, 625; 724, 725; 824, 825; 
924, 925; 1024, 1025; 1124, 1125; 1224, 1225; 
1324, 1325; 1424, 1425; 1524, 1525; 1624, 1625; 
1724, 1725: 1824, 1825; 1924, 1925; 2024, 2025) 
aus einer teilweise eiastischen Substanz herge- 35 
stent ist. 



37. Implantat nach einem der voranstehenden Ansprii- 
che, dadurch gekennzeichnet, daB das minde- 
stens eine Bewegungselement (224, 225; 324, 325; 40 
424, 425; 524, 525; 1024, 1025; 1124, 1125; 1224, 
1225; 1324, 1325; 1424, 1425; 1524, 1525; 2124, 
2125; 2224, 2225) konkav oder konvex gekrQmmte 
kalottenformige Bereiche zur Bildung von Gleitfla- 
chen fijr daran aniiegende Bereiche des Stutzkor- 45 
pers (220; 320; 420; 520; 1020; 1120; 1220; 1320; 
1420; 1520; 2120; 2220) umfaBt. 

38. implantat nach einem der voranstehenden Ansprii- 
che, dadurch gekennzeichnet, daB eine dem Im- so 

plantat (116; 216: 316; 416; 516; 616; 716; 816; 
916; 1016; 1116; 1216; 1316; 1416; 1516; 1616; 
1716; 1816; 1916; 2016; 2116; 2216) zugeordnete 
Zielvorrichtung (21108; 22108) vorgesehen ist 
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39. Implantat nach Anspruch 38, dadurch gekenn- 
zeichnet, daB die Zielvorrichtung (21108; 22108) 
am Implantat (116; 216; 316; 416; 516; 616; 716; 
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FIG.K 
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des identischen Implantatpartners (1) eingreifen und ei- 
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(4) und ein auBerer Ring (5) nriittreppenformig angeord- 
neten Abstandshaltern definiert die Hohe des Gesamt- 
innplantates aus zwei identischen Partnern. Durch das 
graduelle Verdrehen der beiden Implantatpartner vor 
dem Zusammenbau konnen verschiedene Bauhohen 
erreicht werden. 




Afobildung 1: Implantat mit einstellbarer Hcihe bestehend aus Korper (1) mit 
Fiihrungsselementen (2), welche in die entsprechenden Fuhrungsnuten (3) des 
identischen Implantatpartners (1) eingreifen und eine telesiiopierende Bewegung 
ermSglichen. Treppenformig angeordncte Abstandshaltcr (4,5) defiaieren die H6he des 
Gesamtimplantates aus zwei identischen Partnern. 
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Beschreibung 

[0001] Die Erfindung bezieht sich auf Implantate, wel- 
che in der Wirbelsaulenchirurgie nach der Entfernung 
von Zwischenwirbelscheiben (Bandscheiben) oder Wir- 
bell<6rpern bzw. Teilen von Wirbelkorpern zur Wieder- 
lierstellung der Stabilitat der Wirbelsaule eingesetzt 
werden. 

[0002] Implantate kommen in der Wirbelsaulenchirur- 
gie in vielfaltiger Weise zum Einsatz. Da der groBere 
Anteil der axialen Belastung der Wirbelsaule durch die 
vorderen Elennente also die Wirbelkorper getragen wird, 
konnnrien Implantaten zum Ersatz dieser tragenden 
Funktion eine besondere Bedeutung zu. Bel der opera- 
ttven Behandlung verschiedener Wirbelsaulenerkran- 
kungen kommen solche Implantate zum Einsatz: so z. 
B, nach der Entfernung von Halsbandscheiben wegen 
eines Bandscheibenvorfalles, nach der Entfernung von 
Wirbelkorpern wegen einer angeborenen oder erworbe- 
nen Engedes dahinterliegenden Wirbelkanals oder we- 
gen eines tumorosen Befalls eines Wirbelkorpers. Mtt- 
tels Implantat kann dann Statik und Funktion der Wir- 
belsaule wiederhergestellt werden. Da genaue GroBe 
nichtvorsondern erstbeim eigentlichen operativen Ein- 
griff vom behandelnden Chirurgen eingeschatzt werden 
kann, 1st im Normalfall eine groBere Anzahl verschieden 
groQer Implantate steril im Vorrat zu lagern. 
[0003] Gegenstanddervorliegenden Erfindung istein 
in seiner Einbauhohe variables Implantat. Implantate 
mit variabler Hohe bzw. der Hohengewinn durch das 
Stapein von Implantaten sind bekannt. Sie erfordern je- 
doch entweder komplizierte Mechanismen zur Hohen- 
einstellung oderzusatzliche Elemente (Schrauben oder 
Flatten) zur mechanischen Stabilisierung der Gesamt- 
konstruktion. Eine der wesentlichen Forderungen bei 
der Entwicklung medizinischer Implantate ist ihre Ro- 
bustheit gegenuber Storfaktoren und die (lebens-)lan- 
gen Standzeiten bei vorher nicht abzuschatzender re- 
petitiver Belastung. 

[0004] Gegenstand der Erfindung ist in seiner Bauho- 
he variables Implantat, welches ohne zusatzliche Ele- 
mente auskommt. Es besteht aus zwei identtschen Tei- 
len und eriaubt beim Zusammenbau der Komponenten 
abhangig von der axialen Winkelstellung zueinander ei- 
nen Hohengewinn von 50% der Implantathohe in meh- 
reren Stufen. 

[0005] Das erflndungsgemaBe Implantat weist meh- 

rere Vorteile auf. Es liegtein stabiles Implantat vor, wel- 
ches ohne vorherige PaB- und Probeimplatate einge- 
setzt werden kann. Bei zu geringer Vorspannung kann 
das gleiche Implantat in anderer Stellung montiert er- 
neut eingesetzt werden. Zusatzliche Elemente zur Be- 
festigung sind nicht notwendlg. Das Risiko von Bruch, 
Lockerung oder Verlust dieser Elemente mit der Konse- 
quenz einer Nachoperation des Patienten werden ver- 
mieden. 

Die Konstruktion ist einfach. Im Zusammenhang mit 
neuen Krankheitsiibertragungswegen durch Prionener- 



krankungen (BSE, neue Variante der Kreutzfeld-Jakob- 
Erkrankung) werden hohere Anforderungen an Reini- 
gung und Sterilisierbarkeit gestellt, so muB die weitest- 
gehende Demontierbarkeit zur Reinigung moglich sein. 

5 Komplizierte Implantate mit beweglichen Teilen sind 
nach gegenwartig ubiicher Sterilisationsbehandlung 
noch proteinkontaminiert und stellen ein potentielles 
Ubertragungsrisiko dar. NIchtzuletzt ist das erfindungs- 
gemaBe Implantat universell. Der uben/viegende Tell der 

10 vorderen Halsbandscheibenchirurgie noterndigen Im- 
plantatbauhohen wird sich mit einem einzelnen Typ Im- 
plantat abdecken lassen. 

[0006] Im folgenden wird die Erfindung anhand eines 
Beispiels und mit Bezug auf die beiliegenden Zeichnun- 
15 gen naher eriautert, wobei 

Abbildung 1 die Schragansicht eines erfindungsgema- 
Ben Implantatesvordem Zusammenbau mitseinem um 
180° gedrehten identischen Gegenpart 
und 

20 Abbildung 2 die Montage des erfindunggemaBen Im- 
plantates mit seinem identischen Implantatpartner zum 
Gesamtlmplantat in verschiedenen Implantathohenein- 

stellungen zeigt. 

[0007] In Abbildung 1 ist das Wirbelsaulen- Implantat 

25 dargestellt. Es besteht aus dem Implantatkorper (1 ) wel- 
cher den Kontakt mit dem Knochen des angrenzenden 
Wirbelkorpers aufnimmt. Verbunden damit sind Fuh- 
rungsselemente (2). welche in die entsprechenden 
Fuhrungsnuten (3) des identischen Implantatpartners 

30 (1) eingreifen und eine teleskopierende Bewegung er- 
moglichen. Die Fuhrungsnuten enden in passenden Off- 
nungen des Implantatkorpers (3), In voll eingefahreren 
Zustand schlieBen die Fuhrungselemente mit der 
Grundplatte des Implantatkorpers ab. Ein innerer(4) und 

35 ein auBerer Ring(5) mit treppenformig angeordneten 
Abstandshaltern definiert die Hohe des Gesamtimplan- 
tates. Das Gesamtlmplantat besteht aus zwei identi- 
schen Implantaten, ein weiteres Implantat (1) wird ent- 
gegengesetzt aufgesetzt. Durch das graduelle Verdre- 

40 hen der beiden Implantatpartner vor dem Zusammen- 
bau konnen verschiedene Bauhohen erreicht werden. 
Formelemente auf Ober- bzw. Unterseite sichern das 
Implantat gegen Verschiebung im implantierten Zu- 
stand. Dargestellt Ist ein Implantat mit drei Bauhohen. 

45 Die Anzahl der Verstellmoglichkeiten definiert die An- 
zahl der Fuhrungselemente und die Anzahl der Ab- 
standshalter auf dem Inneren (4) und auBeren (5) H6- 
hendefinitionsring. Auch die auBere Implantatform ist 
davon abhangig, im vorliegenden Beispiel ergibt sich 

50 bei drei Verstellmoglichkeiten mit drei Fiihrungselemen- 
ten (2) und jeweils drei Abstandshaltern betO°, 120° und 
240° auf den Hohendifinitionsringen (4,5) eine sechs- 
eckige AuBenform. Analog dazu wiirde die 2-fache H6- 
henverstellung in jeweils 180° Drehung zwei Fiihrungs- 

55 elemente, zwei Fuhrungsnuten, zwei Abstandshalter 
und eine quadratische Grundfiache bedingen, die 4-fa- 
che Verstellung 4 Elemente jeden Typs und einen Ok- 
taeder als Grundfonn. Die theroretisch mogliche einfa- 
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che runde Grundform wird vermieden, da sie die Wir- 
belkorperhinterkante iiberragt. Eine Bohrung (6) in der 
auBeren Zirl<unnferenz dient zur Aufnahme eines im- 
plantatsetzinstrumentes beim Einbringen des Implanta- 
tes. 5 



Patentanspruche 

1. ImpiantatmiteinsteiibarerHoliebestehtaus Korper io 
(1) mit mindestens zwei Fulirungsseiementen (2) 
welche in die entspreclienden Fuhrungsnuten (3) 
des identischen Implantatpartners (1) eingretfen 
und eine teleskopierende Bewegung ernnoglichen. 
Treppenfomnig angeordnete Abstandshalter (4,5) '5 
definieren die Hohe des Gesamtimplantates aus 
zwei identisclien Partnern. Durch das graduelle 
Verdrelien derbeiden Innplantatpartnervordenn Zu- 
sammenbau konnen verschiedene Bauhohen er- 
relcht werden. 20 

2. Implantat mit einstellbarer Hohe gemaB Anspruch 
1 , dadurch gekennzeichnet da3 zwei identisclie 
Partner durch FormschluB bedingt durch ihre axiale 
Rotationsstellung zueinander unterschiedliche 25 
Bauhohen der Gesamtkonstruktion ergeben. 
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Abbildung 1: Implaotat mit einstellbarerHohe bestehend aus Koq>er (1) mit 
Fuhrungssetementen (2), wdche in die entsprechendcn Fuhrungsnutea (3) des 
identischen Implantatpartners (1) eingreifea und eine teleskopierende Bewegung 
erittdgiichen. Treppenformig angeordnete Abstandshalter (4,5) definieren die H6he des 
Gcsamtiinplantate$ aus zwei identischen Partnern. 




Abbildung 2: Montage des erfmdunggemaBen Implantates mit seinem identischen 
Implantatpartner zum Gesamtimpiantat Durcb Verdrehen um 120^ bzw. 240^ vor dem 
Zusammenbau ^erden im Beispielfall cine VergrdQerung GesamtbauhShe des Implantes 
um25% bzw. 50% erreicht 
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(54) Intervertebral prosthetic device 

(57) There is provided an intervertebral prosthetic 
device for replacement of an intervertebral disc. The de- 
vice includes a first fixation member (14; 78) for fixation 
within a first vertebral body and a second fixation mem- 
ber for fixation within a second vertebral body adjacent 
the first vertebral body. The present prosthetic device 
also includes a compressible member (1 8; 82) for posi- 
tioning between the first and second fixation members. 
The compressible member (1 8; 82) has an outer periph- 
ery less than or substantially equal to a diameter of a 
nucleus pulposus of the intervertebral disc. The com- 
pressible member (18; 82) thus essentially fits within the 
annulus fibrosis of the intervertebral disc. Moreover, the 
compressible member (18; 82) also has at least one 
spring that can be pre-loaded to place the annulus fibro- 
sis undertension and to reproducethe mechanical prop- 
erties of a natural disc. 
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Description 

Background of the Invention 

[0001] This invention relates to a novel intervertebral 
prosthetic device. More particularly, this invention re- 
lates to an intervertebral prosthetic device that can be 
implanted to replace a damaged intervertebral disc. 
[0002] The human spine is a flexible structure com- 
prised of thirty-three vertebrae. Intervertebral discs sep- 
arate and cushion adjacent vertebrae. The interverte- 
bral discs act as shock absorbers and allow bending be- 
tween the vertebrae. 

[0003] An intervertebral disc comprises two major 
components: the nucleus pulposus and the annulus fi- 
brosis. The nucleus pulposus is centrally located in the 
disc and occupies 25-40% of the disc's total cross-sec- 
tional area. The nucleus pulposus usually contains 
70-90% water by weight and mechanically functions like 
an incompressible hydrostatic material. The annulus fi- 
brosis surrounds the nucleus pulposus and resists tor- 
sional and bending forces applied to the disc. The an- 
nulus fibrosis thus serves as the disc's main stabilizing 
structure. Vertebral end -plates separate the disc from 
the vertebral bodies on either side of the disc. 
[0004] Individuals with damaged or degenerated 
discs often experience significant pain, The pain results 
in part from instability in the intervertebral joint due to a 
loss of hydrostatic pressure in the nucleus pulposus. 
Loss of hydrostatic pressure leads to a loss of disc 
height. 

[0005] A conventional treatment for degenerative disc 
disease is spinal fusion. In one such surgical procedure, 
a surgeon removes the damaged natural disc and then 
fuses the two adjacent vertebral bones into one piece. 
The surgeon fuses the vertebral bones by grafting bone 
between the adjacent vertebrae and sometimes uses 
metal rods, cages, or screws to hold the graft in place 
until the graft heals. Other fusion procedures do not re- 
quire surgical removal of the disc. 
[0006] Although spinal fusion may alleviate pain as- 
sociated with degenerative disc disease, it also results 
in loss of motion at the fused vertebral joint. Lack of mo- 
tion at the fused site puts additional pressure on the 
discs above and below the fusion, sometimes causing 
them to degenerate and produce pain. To remedy the 
problems associated with spinal fusion, prosthetic de- 
vices were developed to replace the damaged disc with 
a suitable biomechanical equivalent. 
[0007] Existing prosthetic devices have met with lim- 
ited success in reproducing the biomechanics of a nat- 
ural disc. For example, U.S. Patent No. 4,759,769 to 
Hedman et. al. discloses a synthetic disc having upper 
and lower plates hinged together. Although the hinged 
disc allows forward bending between adjacent verte- 
brae, the hinged disc does not allow axial compression 
or lateral flexion. Nor does it allow axial rotation of the 
vertebral column at the site of the implant. Therefore, 



the Hedman et at. device lacks the biomechanics of a 
natural disc. 

[0008] Likewise, the prosthetic disc device disclosed 
in U.S. Patent No. 4,309,777 to Patil does not replicate 

5 natural motion between adjacent discs. The Patil device 
includes two cups, one overlapping the other and 
spaced from the other by springs. The cups move only 
in a single axial dimension. The Patil device thus does 
not enable natural flexion of the spine in any direction. 

10 In addition, the highly constrained motion of the Patil de- 
vice can lead to high device/tissue interface stresses 
and implant loosening. 

[0009] Many synthetic disc devices connect to the 
vertebral bodies by conventional mechanical attach- 
es ments, such as pegs or screws, which are known to 
loosen under cyclic loading conditions. Other synthetic 
disc devices use plastic or elastomeric components 
which, over a lifetime, produce debris from wear and 
possible unknown side effects. 
20 [0010] The problems suggested in the preceding are 
not intended to be exhaustive but rather are among 
many which tend to reduce the effectiveness of known 
intervertebral prosthetic devices. Other noteworthy 
problems may also exist; however, those presented 
25 above should be sufficient to demonstrate that currently 
known devices are amenable to worthwhile improve- 
ment. 

Summary of the Invention 

30 

[001 1 ] Accordingly, it is a general object of the inven- 
tion to provide an intervertebral disc prosthetic which will 
obviate or minimize difficulties of the type previously de- 
scribed. 

35 [0012] More particularly, it is a specific object of the 
invention to provide an inten/ertebral prosthetic device 
which replicates the mechanical properties of a natural 
intervertebral disc. 

[0013] It is another object of the invention to provide 
40 an intervertebral prosthetic device which restores disc 
height, defined as the axial distance between vertebrae 
adjacent the damaged disc, and which duplicates the 
range of motion of a natural intervertebral joint. 
[0014] It is still another object of the invention to pro- 
45 vide an intervertebral prosthetic device which may be 
implanted and maintained in stable relation to adjacent 
vertebrae without conventional mechanical attach- 
ments. 

[0015] It is a further object of the invention to provide 
50 an intervertebral disc prosthesis which suffers minimal 
degradation of the prosthetic material and which pro- 
duces minimal wear debris under long-term cyclic load- 
ing conditions. 

[0016] It is yet a further object of the invention to pro- 
55 vide an intervertebral prosthetic device which axially 
compresses and thus dissipates energy, may be easily 
repaired or replaced, may be easily manufactured and 
utilized by a surgeon, and is durable and modular. 
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[0017] It is yet another object of the invention to pro- 
vide a nnethod of innplanting an intervertebral prosthetic 
device which stabilizes an operative intervertebral joint 
and restores the mechanical properties of a degenerat- 
ed disc. 

[0018] According to the invention, there is provided 
an intervertebral prosthetic device for innplantation in a 
spine, characterized in that the device has: 

a first fixation nnennber for fixation within a cavity of 
a first vertebral body, said first fixation nnennber hav- 
ing a first longitudinal axis and at least one adjust- 
ment element for adjusting a length dimension of 
said first fixation member along the first longitudinal 
axis; 

a second fixation member configured to be posi- 
tioned against bone of a second vertebral body ad- 
jacent the first vertebral body; and 

a compressible member positioned between said 
first fixation member and said second fixation mem- 
ber, said compressible member remaining com- 
pressible after implantation. 

[001 9] The invention is of advantage in that it is capa- 
ble of addressing at least one of the aforementioned ob- 
jects of the invention. 

[0020] Preferably, the first fixation member has a first 
portion for positioning against bone within the cavity of 
the first vertebral body and a second portion opposite 
said first portion, and wherein said compressible mem- 
ber is positioned between said second portion and said 
second fixation member 

[0021] Preferably, the compressible member has at 
least one compressible element operable to compress 
and expand in response to adjustment of said first fixa- 
tion member. 

[0022] Preferably, the compressible member has an 
outer periphery less than or substantially equal to a di- 
ameter of the nucleus pulposus of an intervertebral disc. 
[0023] In other words, the compressible member is 
sized to replace the nucleus pulposus of an interverte- 
bral disc and essentially to fit within the annulus fibrosis 
of the intervertebral disc. The compressible member 
comprises at least one spring that can be pre-stressed 
or pre-loaded to placethe annulus fibrosis undertension 
and to reproduce the mechanical properties of a natural 
disc. Maintaining the annulus fibrosis undertension re- 
sults in an artificial intervertebral joint that is stable. 
[0024] Preferably, the first fixation member comprises 
a first support member and a first adjustable member 
that are adjustable along a longitudinal axis of said first 
adjustable member. More preferably, the first adjustable 
member has a first plate and a second plate, and said 
at least one adjustment element is arranged to extend 
between said first plate and said second plate. Yet more 
preferably, the at least one adjustment element of said 



first adjustable member has an exterior surface and a 
fin extending outwardly from said exterior surface. 
Moreover, the at least one adjustment element prefera- 
bly comprises a plurality of adjustment elements extend- 
5 ing between said first plate and said second plate, and 
said plurality of adjustment elements are preferably 
spaced equidistantly from each other. Furthermore, 
each of said plurality of adjustment elements is prefer- 
ably independently adjustable. 
10 [0025] Preferably, the second fixation member is con- 
figured to be positioned proximate a near end-plate of 
the second vertebral body; such an arrangement ena- 
bles more bone to be retained in the spine when install- 
ing the device. More preferably, the second fixation 
15 member includes a first surface facing toward said com- 
pressible member and a second surface facing away 
from said compressible member. Yet more preferably, 
the second surface is convex. Alternatively, preferably 
the first surface and said second surface are oblique. 
20 [0026] Preferably, the second fixation member has a 
circumference that varies in width. 
[0027] Preferably, the second fixation member com- 
prises a support member. More preferably, the support 
member is wedge-shaped and may be made in differ- 
25 ence sizes to accommodate the angle between adjacent 
vertebrae at a specific vertebral level. The angle be- 
tween adjacent vertebrae typically ranges between 3-10 
degrees, and, thus the angle created by opposing sur- 
faces of the wedge-shaped support member falls within 
30 that same range. More preferably, the support member 
has an upper surface which is attachable to said com- 
pressible member and a lower surface configured to rest 
upon bone of a near end-plate of the second vertebral 
body. 

35 [0028] Preferably, the second fixation member is con- 
figured for fixation within a cavity of the second vertebral 
body. More preferably, the second fixation member com- 
prises a second support member and a second adjust- 
able memberthat is adjustable along a longitudinal axis 
40 of said second adjustable member Yet more preferably 
the first adjustable member includes said at least one 
adjustment element for adjusting a height of said first 
adjustable member, and the second adjustable member 
includes at least one adjustment element for adjusting 
45 a height of said second adjustable member. Moreover, 
the second adjustable member preferably has a first 
plate and a second plate, and said at least one adjust- 
ment element of said second adjustable member is ar- 
ranged to extend between said first plate and said sec- 
50 ond plate. Furthennore, each of said first adjustable 
member and said second adjustable member has a first 
plate and a second plate, said at least one adjustment 
element of said first adjustable member comprises a tel- 
escopic strut extending between said first plate and said 
55 second plate of said first adjustable member, and said 
at least one adjustment element of said second adjust- 
able membercomprises atelescopic strut extending be- 
tween said first plate and said second plate of said sec- 
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ond adjustable mennber. 

[0029] Preferably, the second fixation mennber lias a 
second longitudinal axis and at least one adjustnnent el- 
ennent for adjusting a height of said second fixation 
member along said second longitudinal axis. More pref- 5 
erably, each said at least one adjustment element of 
said first and second fixation members comprises a tel- 
escopic strut, and wherein adjustment of each said tel- 
escopic strut is arranged to pre-load said compressible 
member. 10 
[0030] Preferably, the compressible member com- 
prises at least one spring. 

[0031 ] Preferably, the device enables at least four de- 
grees of relative motion between the first vertebral body 
and the second vertebral body. Such degrees of relative 15 
motion are of benefit in that it enables the device more 
accurately mimic characteristics of natural vertebrae. 
[0032] Preferably, in the device, the compressible 
member comprises a top plate, a bottom plate, and at 
least one compressible element extending between 20 
said top plate and said bottom plate. More preferably, 
the compressible member has a longitudinal axis and 
an outer periphery in a plane transverse to said longitu- 
dinal axis, said outer periphery comprising a larger one 
of said periphery around said top plate and said periph- 25 
ery of said bottom plate, and a largest dimension of said 
outer periphery being less than or substantially equal to 
a diameter of a nucleus pulposus of an invertebral disc, 
[0033] Preferably, the device is arranged so that its at 
least one compressible element comprises at least one 30 
spring. More preferably, the at least one spring compris- 
es a coil spring having a non-uniform cross-sectional di- 
ameter. More preferably, the at least one spring has a Figure 1 
n on- uniform pitch. Alternatively, the at least one spring 
preferably comprises a plurality of coils each having a 35 
cross-section, and at least two of said plurality of coils 
have different cross-sections. 

[0034] Preferably, the device is fabricated such that 

its compressible member has a longitudinal axis and an 
outer periphery in a plane transverse to said longitudinal 40 
axis, a largest dimension of said outer periphery being 
less than or substantially equal to a diameter of a nucle- 
us pulposus of an intervertebral disc. More preferably, 
the compressible member comprises a plurality of 
springs and said outer periphery circumscribes said plu- ^5 
rality of springs. 

[0035] Preferably, the compressible member has a 
longitudinal axis and an outer periphery in a plane trans- 
verse to said longitudinal axis, a largest dimension of 
said outer periphery being less than or substantially so 
equal to 3.0 cm. 

[0036] Preferably, the first fixation member and said 
second fixation member each has a porous portion. 
Such a porous portion beneficially presents a surface 
suitable for bone ingrowth so that the fixation members 55 
fuse to the vertebrae without requiring conventional me- 
chanical attachments. 

[0037] In order to try to circumvent biological rejection 



problems, the prosthetic device comprises a biocompat- 
ible metallic material. More preferably, the metallic ma- 
terial comprises at least one of a titanium alloy and a 
cobalt-chromium alloy. 

[0038] Preferably, in some embodiments of the inven- 
tion, each said adjustable member and each said sup- 
port member comprises a ceramic material. More pref- 
erably, the ceramic material is at least one of an alumi- 
num oxide and a zirconium oxide. 
[0039] Preferably, the at least one adjustment ele- 
ment comprises at least one telescopic element for ad- 
justing a length dimension of said first fixation member 
along said first longitudinal axis. 
[0040] Additional objects and advantages of the in- 
vention aresetforth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and ad- 
vantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations par- 
ticularly pointed out in the specification and the append- 
ed claims. 

Description of the Drawings 

[0041] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate a presently preferred embodiment of the inven- 
tion, and, together with the general description given 
above and the detailed description of the preferred em- 
bodiment given below, serve to explain the principles of 
the invention. 



is a schematic, cut-away, side view of 
an intervertebral prosthetic device 
implanted in a spine in accordance 
with a preferred embodiment of the 
invention; 

is a top perspective view of a com- 
pressible member of the subject in- 
tervertebral prosthetic device; 

are top perspective views of different 
embodiments of a spring of the com- 
pressible member of the subject in- 
tervertebral prosthetic device; 

is a top perspective, partially explod- 
ed view of a fixation member of the 
subject intervertebral prosthetic de- 
vice and shows an adjustable mem- 
ber and a support member; 

is a top view of a second plate of the 
adjustable member of Figure 4; 

is a side view, in cross-section , of the 
support member of Figure 4; 



Figure 2 



Figures 3A-3C 



Figure 4 



Figure 5 
Figure 6 
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Figure 7 is a schematic, cut-away, side view of 

an intervertebral prosthetic device 
implanted in a spine in accordance 
with another preferred embodiment 
of the invention; 5 

Figure 8 is a schematic, cut-away, side view 

showing subchondral bones of a su- 
perior vertebral body after a partial 
verteb recto my; io 

Figure 9 is a sectional view of a vertebrae after 

a partial vertebrectomy, as taken 
along line 9-9 of Figure 8; 



Figure 10 is a schematic, cut-away, side view of 

a vertebral joint area after a partial 
vertebrectomy and excision of a nu- 
cleus pulposus of a natural disc; 



15 



20 



Figure 11 is a schematic, cut-away, side view of 

a vertebral joint and shows a fixation 
member, including an adjustable 
member and a support member, im- 
planted in an inferior vertebral body; 25 

Figure 12 is a schematic, cut-away, side view of 

a vertebral joint and shows a com- 
pressible member implanted in an in- 
tervertebral joint; 30 

Figure 1 3 is a schematic, cut-away, side view of 

a vertebral joint and shows a tech- 
nique for adjusting the height of an 
adjustable member implanted in a su- 35 
perior vertebral body; and 

Figure 14 is a schematic, cut-away, side view of 

a vertebral joint and shows a tech- 
nique for bone grafting an adjustable 40 
member in a superior vertebral body. 

Description of the Preferred Embodiments of tlie 
invention 

45 

[0042] Referring nowtothe drawings, wherein like nu- 
merals indicate like parts, and initially to Figure 1 , there 
will be seen an intervertebral prosthetic device, gener- 
ally indicated by 10, implanted in a spine 12 in accord- 
ance with a preferred embodiment of the present inven- so 
tion. The intervertebral prosthetic device 1 0 is designed 
to replace a damaged natural disc. The intervertebral 
prosthetic device 10 has a first fixation member 14, a 
second fixation member 16, and a compressible mem- 
ber 1 8 that is positioned between the first fixation mem- 55 
ber 14 and the second fixation member 1 6. 
[0043] The first fixation member 1 4 is positioned in a 
first vertebral body 20, and the second fixation member 



16 is positioned within a second vertebral body 22 ad- 
jacent the first vertebral body 20. Each fixation member 
1 4 and 1 6 has an adjustable member 28 and 30, respec- 
tively, and a support member 32 and 34, respectively. 
Each fixation member also has a bone-contacting sur- 
face, preferably porous, for positioning against 
subchondral bone of an associated vertebral body. In 
Figure 1 , a bone-contacting surface 27 of the adjustable 
member 28 is positioned against the subchondral bone 
of an end-plate 36 of the superior vertebral body 20, and 
a bone-contacting surface 29 of the adjustable member 
30 is positioned against the subchondral bone of an end- 
plate 38 of the inferior vertebral body 22. As will be de- 
scribed below, the present intervertebral prosthetic de- 
vice does not require conventional mechanical attach- 
ments, such as pegs or screws, to hold the prosthetic 
device in place. The intravertebral (namely, within a ver- 
tebral body) positioning of the fixation members main- 
tains the prosthetic device in stable relationship at the 
operative intervertebral joint. 

[0044] The adjustable member 28 of the first fixation 
member 14 has an imaginary first longitudinal axis, 
shown by a dashed line A-A, and adjustment elements 
24 that allow adjustment of the height of the adjustable 
member 28 substantially along its longitudinal axis A-A. 
In the embodiment shown in Figure 1 , the second fixa- 
tion member 1 6 is structurally similar to the first fixation 
member 1 4, but inverted. The adjustable member 30 of 
the second fixation member 1 6 has a second longitudi- 
nal axis, shown by a dashed line B-B, and adjustment 
elements 26 that allow adjustment of the height of the 
adjustable member 30 substantially along its longitudi- 
nal axis B-B. 

[0045] The compressible member 18 comprises at 
least one spring and, in a preferred embodiment, com- 
prises a plurality of springs 40. One skilled in the art, 
however, will recognize that the compressible member 
may comprise other suitable configurations. For exam- 
ple, the compressible member may comprise a mono- 
lithic body made of an biocompatible material com- 
pressible in an axial direction, that is, a direction sub- 
stantially parallel to the spine. 

[0046] The compressible member 18 is implanted in 
the region of an excavated nucleus pulposus of the op- 
erative intervertebral disc. The compressible member 
1 8 is dimensioned so that the annulus fibrosis of the nat- 
ural disc is maintained. The present intervertebral pros- 
thetic device restores the mechanical properties of the 
nucleus pulposus without disrupting the annulus fibro- 
sis. Retention of the annulus fibrosis maintains stability 
of the intervertebral joint at the implant site. In addition, 
the annulus fibrosis serves as a boundary for the com- 
pressible member and minimizes accidental dislodge- 
ment of the prosthetic device. 

[0047] Significantly, the intervertebral prosthetic de- 
vice 1 0 pennits at least four degrees of relative motion 
between the first vertebral body 20 and the second ver- 
tebral body 22. These degrees of relative motion include 
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sagittal bending, coronal bending, axial rotation, and ax- 
ial connpression. Moreover, the connpressible member 
permits small increments of translational movement be- 
tween the vertebral bodies (namely, fifth and sixth de- 
grees of relative motion, namely anterior-posterior 
translation and side-to-side, or lateral, translation). 
[0048] A preferred embodiment of the compressible 
member 18 is shown in Figure 2. The compressible 
member 18 has a top plate 42, a bottom plate 44, and 
a plurality of coil springs 40 extending between the top 
plate 42 and the bottom plate 44. The top plate 42 has 
a first surface 46, which is connectable to the first fixa- 
tion member 14, and a second surface 48. The bottom 
plate 44 also has a first surface 50, which is connectable 
to the second fixation member 16, and a second surface 
52. The springs 40 extend between the second surfaces 
48 and 52. 

[0049] When pre-loaded, as will be explained in more 
detail below, the compressible member 18 preferably 
has an axial height of approximately 1 .5 cm, greatest at 
the L45 vertebral level and slightly less at the upper lum- 
bar vertebrae. The coil springs 40 are preferably de- 
signed to have non-linear stiffness so that they become 
stiffer at higher applied loads. The non-linear stiffness 
simulates physiological intervertebral stiffness. 
[0050] One skilled in the art will recognize other em- 
bodiments contemplated by the present invention. For 
example, the compressible member 1 8 may comprise a 
plurality of springs extending between, and directly con- 
nected to, support members 32 and 34. Alternatively, 
the compressible member 18 may comprise a single 
spring with a relatively large coil diameter (not shown) 
extending between, and directly connected to, the sup- 
port members 32 and 34. Any spring arrangement may 
be utilized that achieves sufficient axial compressive 
force to replicate the biomechanics of the natural disc. 
[0051] In each embodiment, the compressible mem- 
ber Includes an imaginary longitudinal axis, shown by a 
dashed line C-C in Figure 2, and an outer periphery in 
a plane transverse to the longitudinal axis C-C. A largest 
dimension of the compressible member's outer periph- 
ery is less than or substantially equal to the diameter of 
a nucleus pulposus of the natural intervertebral disc. Put 
another way, the annulus fibrosis of the natural disc, 
which is substantially preserved in the implantation pro- 
cedure, circumscribes the compressible member 18. 
For example, where the compressible member compris- 
es a plurality of springs, the outer periphery of the com- 
pressible member circumscribes the springs, and the 
largest dimension of that outer periphery may extend to, 
but does not extend beyond, the nucleus pulposus. In 
other embodiment, where the compressible member in- 
cludes a top plate and a bottom plate, and where those 
plates fit within the annulus fibrosis and extend beyond 
the outermost portions of the springs, the outer periph- 
ery equals the larger of the two plate peripheries. In 
quantitative terms, the outer periphery of the compress- 
ible member preferably ranges between 2.0 cm to 3.0 



cm, which approximates the diameter of the nucleus pul- 
posus of a natural intervertebral disc. 
[0052] Figures 3A-3C show three embodiments of a 
coil spring designed to possess non-linear stiffness. In 

5 the embodiment of Figure 3A, the coil spring 54 has a 
variable, or non-uniform, cross-sectional diameter 56. 
Figure 3B shows another embodiment in which a coil 
spring 58 has a variable pitch 60, where the pitch is de- 
fined as the distance between successive coils of the 

10 spring 58. Figure 3C shows a third embodiment of a coil 
spring 62 in which at least two of the spring coils have 
different radii 64 measured from an imaginary axis D-D 
extending along the central axis of the spring 62. 
[0053] Figure 4 shows a preferred embodiment of the 

15 first fixation member 14. In the embodiment shown in 
Figure 1 , the second fixation member 16 is structurally 
similar to the first fixation member 14, but inverted. The 
following discussion thus also applies to the second fix- 
ation member 16. 

20 [0054] The fixation member 14 comprises an adjust- 
able member, generally indicated 28, and a support 
member 32. The adjustable member 28 is adjustable in 
an axial direction by adjustment elements 24. The ad- 
justment elements 24 preferably comprise telescopic 

25 struts extending between a first plate 31 and a second 
plate 33. In a preferred embodiment, the first plate 31 
has a bone-contacting surface, such as 27 shown in an 
operative context in Figure 1 , and the second plate has 
a surface 35 for positioning against the support member 

30 32. Although the illustrative embodiment shows flat 
plates 31 and 33, it will be understood by those skilled 
in the art that these structures need not be flat and may, 
for example, have undulating surfaces. In fact, in one 
embodiment, the bone-contacting surface 27 of the first 

35 plate 31 is concaveto match the contour of the subchon- 
dral bone of the associated vertebral body. 
[0055] The adjustment elements 24 adjust the dis- 
tance between the first bone-contacting plate 31 and the 
second plate 33, thus adjusting the height of the adjust- 

40 able member 28. A surgeon may adjust the telescopic 
struts to increase the height of the adjustable member 
and thus pre-load the compressible memberto mechan- 
ically reproduce the axial compression absorbed by a 
nucleus pulposus of a natural disc. Pre-loading the com- 

45 pressible member restores the intervertebral height at 
the operative joint and restores the function of the an- 
nulus fibrosis. The annulus fibrosis load shares with the 
compressible member which reduces implant/tissue in- 
terface stresses. 

50 [0056] Each telescopic strut is provided with a lock 
screw 63 to adjust the length of the strut 24 and hence 
control the height of the adjustable member. The lock 
screw 63 may comprise, for example, a pin (not shown) 
that extends through both the telescoping portion 65 and 

55 the housing portion 67 of the strut 24. Each strut 24 is 
independently adjustable. Figure 5 shows a top view of 
the second plate 33 of the adjustable member 28. The 
adjustment elements 24 preferably are spaced equidis- 
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tant from each other to enable specific height adjust- 
ment of various regions of the adjustable member. 
[0057] A l<ey feature of the present invention is that 
controlling the height of the adjustable members 28 and 
30, along with selecting an appropriately-sized support 
member, controls the "disc" height. The disc height is 
defined as the axial distance between the vertebrae 
above and below the operative disc. In addition to re- 
storing the disc height, the compressible member 18 
acts as a shock absorber to minimize impact loading 
and, thus, minimize device failure or vertebral fracture. 
[0058] In a preferred embodiment, the first and sec- 
ond fixation members 14 and 16 have porous portions, 
such as the bone-contacting surface 27, to permit bone 
ingrowth. In another embodiment, a biocompatible fab- 
ric or suitable material may be wrapped around the fix- 
ation members to enable bone ingrowth. The present 
prosthetic device does not require conventional me- 
chanical attachments, such as pegs or screws, to hold 
the prosthesis permanently in place. The present pros- 
thetic device, however, may include mechanical or other 
attachments to supplement the porous portions of the 
fixation members and to temporarily fix the prosthetic 
device in place until bone ingrowth has occurred. 
[0059] To further promote bone ingrowth, the adjust- 
ment elements 24 may include fins 66 extending out- 
wardly from an exterior surface of the element 24, as 
shown in Figure 4. The fins 66 increase the surface area 
of the fixation member 14 to which bone may attach. 
Preferably, these fins 66 are located on the adjustment 
elements that are positioned on the anterior side of the 
adjustable member 28. The present prosthetic device 
also may include protuberances (not shown) on the 
bone-contacting surface of the adjustable members to 
increase the surface area of the porous portion of the 
fixation members and, thus, encourage bone ingrowth. 
[0060] Figure 6 shows a cross-section of support 
member 32. The support member 32 has a first surface 
72 that operably faces away from the compressible 
member 18 and a second surface 74 that operably faces 
towards the compressible member 1 8. Thef irst and sec- 
ond surfaces 72 and 74 are oblique so that a circumfer- 
ential surface 77 around the support member 32 varies 
in width, as shown in Figure 4. The support member 32 
thus is wedge-shaped. In otherwords, the support mem- 
ber 32 preferably tapers from a maximum thickness at 
one side 73 to a minimum thickness at an opposite side 
75. Generally, the support member 32 is thicker on the 
side of the fixation member 14 placed anteriorly in a pa- 
tient's spine to account for the spine's natural curvature. 
[0061] The support members are constructed with 
various thicknesses and with various angled surfaces, 
depending upon the vertebral level of the operative in- 
tervertebral joint. An angle 0 shown in Figure 6 is in a 
range of 3 to 10 degrees. The support members are 
shaped to maintain sagittal alignment. Maintaining sag- 
ittal alignment avoids nonuniform loading of the com- 
pressible member and avoids early fatigue failure of that 



member. 

[0062] Figure 7 shows another embodiment of the 
present intervertebral prosthetic device, generally indi- 
cated 76, which comprises a first fixation member 78, a 

5 second fixation member 80, and a compressible mem- 
ber 82. The compressible member 82 is positioned be- 
tween the first and second fixation members 78 and 80. 
The second fixation member comprises a wedge- 
shaped support member with an upper surface 84 that 

10 attaches to the compressible member 82 and a lower 
surface 86 that rests upon subchondral bone of a near 
end-plate 88 of an inferior vertebral body. In this embod- 
iment, adjustment of the first fixation member 78 pre- 
loads the compressible member 82 to an appropriate 

15 extent. This embodiment is particularly suited for young 
patients. Also, in this embodiment, a lower surface 86 
of the support member 80 has a slightly convex shape 
to match the natural contour of the near end-plate of the 
inferior vertebral body. The surface 86 is preferably 

20 composed of a porous material. 

[0063] As evident from the embodiments of Figures 1 
and 7, the present intervertebral prosthetic device has 
a modular design so that the prosthesis may be sized 
to the patient's anatomy and designed for the patient's 

25 condition. The modular design also enables replace- 
ment of individual components of the prosthesis (name- 
ly, an adjustable member, a support member, or a com- 
pressible member), rather than replacement of the en- 
tire prosthesis should one component fail. The com- 

30 pressible member is preferably attached to the fixation 
members by mechanical attachments, such screws, 
rather than bone cement so that a surgeon may easily 
replace damaged or worn components. 
[0064] Moreover, because the present prosthetic de- 

35 vice has no ball bearings, rollers, or hinges, it produces 
little wear debris. And, because the present prosthetic 
device need not include plastic polymers or elastomeric 
components, the present prosthetic device does not de- 
grade under long-term cyclic loading conditions. 

40 [0065] The present prosthetic device comprises bio- 
compatible metallic materials, preferably a titanium alloy 
having, for example, 4% vanadium and 6% aluminum. 
Persons skilled in the art will recognize other suitable 
materials, for example, a cobalt-chromium alloy, such 

45 as alloy number 301 . Alternatively, the present prosthet- 
ic device, with the exception of the springs of the com- 
pressible member, may comprise a ceramic material, 
such as aluminum oxide and zirconium oxide. The po- 
rous surfaces of the bone-contacting member and sup- 

50 port member may be coated with hydroxyapatite or bi- 
oactive proteins (for example, bone morphogenic pro- 
tein) to encourage bone ingrowth. 
[0066] A method of intervertebral disc replacement 
nowwill be descnbed in connection with Figures 8 to 14. 

55 Figure 8 shows a pathological intervertebral disc 90 lo- 
cated between a superior vertebral body 92 and an in- 
ferior vertebral body 94. Prior to implantation, a surgeon 
performs a partial vertebrectomy to excise bone matter 



7 



13 



EP 1 342 456 A1 



14 



from the superior vertebral body 92 for receipt of a fixa- 
tion member. The partial vertebrectomy creates a cavity 
bounded by subchondral bone of a distant end-plate 96 
and subchondral bone of a near end-plate 98 of the su- 
perior vertebral body 92. Figure 9 shows a cross-sec- 
tional view of the superior vertebral body 92 after the 
partial vertebrectomy, as taken along a line 9-9 in Figure 
8. 

[0067] The surgeon next excises the nucleus pulpo- 
sus of the damaged disc to create a cavity 100, as 
shown in Figure 10, for receipt of the compressible 
member. The annulus fibrosis 1 02, seen in Figure 1 1 , is 
maintained. The surgeon may perform a partial verte- 
brectomy on the inferior vertebral body or may excise 
cartilage matter only to the near end-plate, depending 
upon whether the surgeon implants the embodiment 
shown in Figure 1 or the embodiment shown in Figure 
7, respectively. The following description details implan- 
tation of the prosthesis shown in Figure 1 ; however, one 
of skill in the art would understand how to modify the 
procedure described below to implant the prosthesis of 
Figure 7. 

[0068] Upon completion of the partial vertebrecto- 
mies, the surgeon implants a fixation member 104 into 
the inferior vertebral body 94, as shown in Figure 11. 
The surgeon selects a support member with an appro- 
priate thickness to accommodate the angulation at the 
operative intervertebral levels. The surgeon then inserts 
a compressible member 106 into the cavity formerly 
containing the nucleus pulposus of the damaged disc 
and connects it to the fixation member 104, as shown 
in Figure 1 2. The compressible member 1 06 and the fix- 
ation member 104 may be connected by conventional 
attachment members, such as screws, or by biocompat- 
ible cement or a suitable adhesive composition. Finally, 
the surgeon implants another fixation member, similar 
to the one implanted in the inferior vertebral body 94, 
yet inverted, in the superior vertebral body 92. Connec- 
tion of that fixation memberto the compressible member 
106 forms an intervertebral prosthetic device like the 
one shown in Figure 1 . 

[0069] Once the fixation members are in place, the 
surgeon expands each adjustable member, one at a 
time, by placing a spreader device with a calibrated ten- 
siometer between the first and second plates of the ad- 
justable member. The surgeon applies distraction until 
the adjustable member is seated against the subchon- 
dral bone of the vertebral body and until the desired 
compression has been applied to the compressible 
member. The adjustment elements of the adjustable 
member are then secured. Figure 13 shows rotation of 
the lock screws 112 of individual telescopic struts 108 
to secure the struts at an appropriate height. 
[0070] The surgeon next packs cancellous bone 
grafts 1 1 8 around the struts of each adjustable member, 
as shown in Figure 14. The growth of bone around the 
fixation member and into its porous surfaces secures 
the intervertebral prosthetic device in place, there being 



absent mechanical attachments typically used in con- 
ventional disc prostheses. The surgeon then replaces 
the cortical bone from the partial vertebrectomy proce- 
dure and secures it with a bone screw or bone cement. 

5 [0071] Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the spe- 
cific details, and representative devices, shown and de- 
scribed herein. Accordingly, various modifications may 

10 be made without departing from the spirit or scope of 
the general inventive concept as defined by the append- 
ed claims and their equivalents. 



15 Claims 

1. An intervertebral prosthetic device for implantation 
in a spine, characterized in tliat the device has: 

20 a first fixation member (14; 78) for fixation with- 

in a cavity of a first vertebral body, said first fix- 
ation member (14; 78) having a first longitudinal 
axis and at least one adjustment element (24) 
for adjusting a length dimension of said first f ix- 
25 ation member (1 4; 78) along the first longitudi- 

nal axis; 

a second fixation member (16; 80) configured 
to be positioned against bone of a second ver- 
tebral body adjacent the first vertebral body; 
30 and 

a compressible member (1 8; 82) positioned be- 
tween said first fixation member (14; 78) and 
said second fixation member (16; 80), said 
compressible member (1 8; 82) remaining com- 
35 pressible after implantation. 

2. A prosthetic device according to Claim 1 , wherein 
said first fixation member (14; 78) has a first portion 
for positioning against bone within the cavity of the 

40 first vertebral body and a second portion opposite 
said first portion, and wherein said compressible 
member (1 8; 82) is positioned between said second 
portion and said second fixation member (16; 80). 

45 3. A prosthetic device according to Claim 1 or 2, 
wherein said compressible member (18; 82) has at 
least one compressible element operable to com- 
press and expand in response to adjustment of said 
first fixation member (14; 78). 

50 

4. A prosthetic device according to Claim 1, 2 or 3, 
wherein said compressible member (1 8; 82) has an 
outer periphery less than or substantially equal to a 
diameter of the nucleus pulposus of the interverte- 

55 bral disc. 

5. A prosthetic device according to any one of Claims 
1 to 4, wherein said first fixation member (14; 78) 
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comprises a first support member (32) and a first 
adjustable member (28) tliat are adjustable along a 
longitudinal axis of said first adjustable member 
(28). 

6. A prosthetic device according to Claim 5, wherein 
said first adjustable member (28) has a first plate 
(31) and a second plate (33), and said at least one 
adjustment element (24) is arranged to extend be- 
tween said first plate (31) and said second plate 
(33). 

7. A prosthetic device according to Claim 6, wherein 
said at least one adjustment element (24) of said 
first adjustable member (28) has an exterior surface 
and a fin (66) extending outwardly from said exterior 
surface. 

8. A prosthetic device according to Claim 6 or 7, 
wherein said at least one adjustment element (24) 
comprises a plurality of adjustment elements ex- 
tending between said first plate (31) and said sec- 
ond plate (33), and said plurality of adjustment ele- 
ments are spaced equidistantly from each other. 

9. A prosthetic device according to Claim 8, wherein 
each of said plurality of adjustment elements is in- 
dependently adjustable. 

10. A prosthetic device according to Claim 1 , wherein 

said second fixation member (80) is configured to 
be positioned proximate a near end-plate of the sec- 
ond vertebral body. 

1 1 . A prosthetic device according to Claim 1 0, wherein 
said second fixation member (80) includes a first 
surface (84) facing toward said compressible mem- 
ber (82) and a second surface (86) facing away from 
said compressible member (82). 

12. A prosthetic device according to Claim 11 , wherein 
said second surface (86) is convex. 

13. A prosthetic device according to Claim 1 1 , wherein 
said first surface (84) and said second surface (86) 
are oblique. 

14. A prosthetic device according to Claim 1 , wherein 
said second fixation member (1 6; 80) has a circum- 
ference that varies in width. 

15. A prosthetic device according to Claim 1 , wherein 
said second fixation member (14; 78) comprises a 
support member. 

16. A prosthetic device according to Claim 1 5, wherein 
said support member is wedge-shaped. 



17. A prosthetic device according to Claim 15, wherein 
said support member has an upper surface (84) 
which is attachable to said compressible member 
and a lower surface (86) configured to rest upon 

5 bone of a near end-plate of the second vertebral 
body. 

18. A prosthetic device according to Claim 5, wherein 
said second fixation member (1 6) is configured for 

10 fixation within a cavity of the second vertebral body. 

19. A prosthetic device according to Claim 1 8, wherein 

said second fixation member (16) comprises a sec- 
ond support member (34) and a second adjustable 
15 member (30) that is adjustable along a longitudinal 
axis of said second adjustable member (30). 

20. A prosthetic device according to Claim 19, wherein: 

20 said first adjustable member (28) includes said 

at least one adjustment element (24) for adjust- 
ing a height of said first adjustable member 

(28), and 

said second adjustable member (30) includes 
25 at least one adjustment element (26) for adjust- 

ing a height of said second adjustable member 
(30). 

21. A prosthetic device according to Claim 20, wherein 
30 said second adjustable member (30) has a first 

plate (31 ) and a second plate (33) , and said at least 
one adjustment element (26) of said second adjust- 
able member (30) is arranged to extend between 
said first plate (31) and said second plate (33). 

35 

22. A prosthetic device according to Claim 20, wherein: 

each of said first adjustable member (28) and 
said second adjustable member (30) has a first 
40 plate (31 ) and a second plate (33), 

said at least one adjustment element (24) of 
said first adjustable member (28) comprises a 
telescopic strut extending between said first 
plate (31) and said second plate (33) of said 
45 first adjustable member (28), and 

said at least one adjustment element (26) of 
said second adjustable member (30) compris- 
es a telescopic strut extending between said 
first plate (31) and said second plate (33) of 
50 said second adjustable member (30). 

23. A prosthetic device according to Claim 1 8, wherein 
said second fixation member (1 6) has a second lon- 
gitudinal axis and at least one adjustment element 

55 (26) for adjusting a height of said second fixation 
member (16) along said second longitudinal axis. 

24. A prosthetic device according to Claim 23, wherein 
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each said at least one adjustment elennent (24; 26) 
of said first and second fixation members (14, 16) 
comprises a telescopic strut, and wherein adjust- 
ment of each said telescopic strut Is arranged to 
pre-load said compressible member (1 8). 

25. A prosthetic device according to any one of the pre- 
ceding claims, wherein said compressible member 
(18) comprises at least one spring (40). 

26. A prosthetic device according to any one of the pre- 
ceding claims, wherein said device enables at least 
four degrees of relative motion between the first ver- 
tebral body and the second vertebral body. 

27. A prosthetic device according to Claim 1 , wherein 
said compressible member (1 8; 82) comprises a top 
plate (42), a bottom plate (44), and at least one com- 
pressible element extending between said top plate 
(42) and said bottom plate (44). 

28. A prosthetic device according to Claim 27, wherein 

said compressible member (18; 82) has a longitu- 
dinal axis and an outer periphery in a plane trans- 
verse to said longitudinal axis, said outer periphery 
comprising a larger one of said periphery around 
said top plate (42) and said periphery of said bottom 
plate (44), and a largest dimension of said outer pe- 
riphery being less than or substantially equal to a 
diameter of a nucleus pulposus of an invertebral 
disc. 

29. A prosthetic device according to any one of Claims 
3 to 24, 26 to 28, wherein said at least one com- 
pressible element comprises at least one spring 
(40). 

30. A prosthetic device according to Claim 29, wherein 

said at least one spring comprises a coil spring (54) 
having a non-uniform cross-sectional diameter 
(56). 

31 . A prosthetic device according to Claim 29, wherein 
said at least one spring (58) has a non-uniform pitch 
(60). 

32. A prosthetic device according to Claim 29, wherein 
said at least one spring (62) comprises a plurality 
of coils each having a cross-section, and at least 
two of said plurality of coils have different cross-sec- 
tions. 

33. A prosthetic device according to any one of the pre- 
ceding claims, wherein said compressible member 
(1 8; 82) has a longitudinal axis and an outer periph- 
ery in a plane transverse to said longitudinal axis, 
a largest dimension of said outer periphery being 
less than or substantially equal to a diameter of a 



nucleus pulposus of an intervertebral disc. 

34. A prosthetic device according to Claim 33, wherein 
said compressible member (18; 82) comprises a 

5 plurality of springs (40) and said outer periphery cir- 

cumscribes said plurality of springs (40). 

35. A prosthetic device according to any one of the pre- 
ceding claims, wherein said compressible member 

10 (1 8; 82) has a longitudinal axis and an outer periph- 
ery in a plane transverse to said longitudinal axis, 
a largest dimension of said outer periphery being 
less than or substantially equal to 3.0 cm. 

15 36. A prosthetic device according to any one of the pre- 
ceding claims, wherein said first fixation member 
(14; 78) and said second fixation member (16; 80) 
each has a porous portion. 

20 37. A prosthetic device according to any one of the pre- 
ceding claims, wherein said prosthetic device com- 
prises a biocompatible metallic material. 

38. A prosthetic device according to Claim 37, wherein 
25 said metallic material comprises at least one of a 

titanium alloy and a cobalt-chromium alloy. 

39. A prosthetic device according to Claim 1 9, wherein 
each said adjustable member (28, 30) and each 

30 said support member (32, 34) comprises a ceramic 
material. 

40. A prosthetic according to Claim 39, wherein said ce- 
ramic material is at least one of an aluminum oxide 

35 and a zirconium oxide. 

41 . A prosthetic device according to any one of the pre- 
ceding claims, wherein said at least one adjustment 
element (24) comprises at least one telescopic el- 

40 ement for adjusting a length dimension of said first 
fixation member (1 4; 78) along said first longitudinal 
axis. 
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(57) An implant device for spinal interbody fusion 
surgery has a shape substantially similar to a human 
excavated disc space, and includes a first modular end 
section (12), at least one modular middle section (15) 
disposed adjacent to the first modular end section (12), 
a second modular end section (13) disposed adjacent 
to the modular middle section (15) and wherein when 
the first end section (12), the middle section (15) and 
the second end section (13) are placed adjacent to each 
other, the implant device has a shape with is substan- 
tially oval, viewed from top, and a cross section which 
is bi-convex. The preferred embodiment of the implant 
device is manufactured from human bone material that 
has been fomned into the shape of the modular compo- 
nents. Alternative embodiments are manufactured from 
non-human material such as hydrooxyapetite, ceram- 
ics, coral and other biodegradable material. Non-re- 
sorptable plastic and metal can be used as internal 
structural members ofthe implant modules. 
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Description 

BACKGROUND 

1 . Field of the Invention 

[0001] The present invention relates generally to per- 
cutaneous spinal interbody fusion surgery and, more 
specifically, to an implant design and material used to 
replace spinal nucleus pulposus when perfomiing per- 
cutaneous endoscopic transforaminal lumbar and tho- 
racic interbody fusion surgery. 

2. Description of Prior Art 

[0002] A substantial segment of the population suffers 
from spinal pain that is caused by degenerative, herni- 
ated or protruded intervertebral discs. Intervertebral 
discs are members of the spinal column that serve as 
cushions and mobile linkage elements between the ad- 
jacent vertebrae. The acute herniation of an interverte- 
bral disc can lead to the compression of spinal nerve 
elements within the spinal canal and outside of the spi- 
nal canal. This can cause severe back pain, leg pain, 
muscle weakness, and possibly bowel and bladder dys- 
function. 

[0003] Traditional surgical methods to address the 
problem of spinal nerve element decompression include 
the transcanal methods of laminectomy or laminotomy. 
Optical aids such as microscopes, endoscopes or 
loupes are often used in these processes, The tissue 
retractor commonly used in this type of surgery is nor- 
mally constructed with two blades. More recently, a tu- 
bular shaped retractor has been used. Traditionally, this 
procedure has required two to three days of hospitali- 
zation after completion of the surgery. 
[0004] Chronic back pain due to disc failure, without 
dominant extremity symptoms, may also cause chronic 
functional impaimnent. Prior art solutions have surgically 
fused adjacent vertebrae together by placing bridging 
bone material from one vertebra above to one vertebrae 
below the symptomatic disc(s). The bone fusion surfac- 
es may include the posterior vertebral elements. Some- 
times, metal rods and screws have been used to stabi- 
lize the subject spinal fusion segment from the posterior 
approach. The intervertebral bone end-plates are also 
important fusion surfaces that interact with an implant 
to bond together adjacent vertebrae. Currently available 
intervertebral fusion implants have configurations of cyl- 
inders, blocks or chips and consist of metallic, carbon 
fiber, hydrooxyapetite, coral bone, etc. As necessary, 
the intervertebral space may be approached posteriorly 
or anteriorly. Additionally, a combined anterior and pos- 
terior approach is sometimes used, Depending upon the 
circumstances, the procedure may be accomplished in 
one operation or may require several staged operative 
procedures. 

[0005] These prior art techniques have typically 



caused significant access tissue trauma, even when the 
skin incision was reduced in length . One result of greater 
access tissue trauma is a longer healing and rehabilita- 
tion period. Another result is the potential for complica- 

5 tions accompanying or following the surgery. 

[0006] With new endoscopic percutaneous transfo- 
raminal techniques, a surgeon can operate through a 
smaller (roughly 8-16 millimeter) opening using endo- 
scopic viewing instruments and miniaturized tools. Be- 

10 cause the newer techniques cause less destabilization 
and access surgical trauma, rehabilitation begins earlier 
and is of significantly shorter duration. 
[0007] In clinical situations where a patient suffers 
from lumbar chronic discogenic pain or low-grade insta- 

15 bility, a fusion operation is often offered to mitigate pain 
and functional impairment. The preferred surgery tech- 
niques adopt an extraspinal canal minimally invasive 
technique. To fuse adjacent vertebrae, implant material 
is placed in the evacuated disc space between the bony 

20 end-plate of the target vertebrae. After insertion of the 
structural implant material and any additional non-struc- 
tural osteogenic agents, ingrowth of new autologous 
bone gradually replaces the implant to create a unified 
structure that includes the first and last vertebrae in the 

25 fusion segment. Prior art implant material included 
structural angular bone blocks, metallic cages, carbon 
fiber blocks or bone chips. Prior art laparoscopic anterior 
lumbar fusion technique uses cylindrical metallic cages 
or bone dowels. 

30 [0008] Although an improvement over earlier tech- 
niques, these prior art devices have several problems. 
Significantly, the prior art cylindrically shaped implants 
do not achieve maximum surface contact with the gen- 
erally flat surface of the host end plate bed. Thus, seat- 

35 ing of cylindrical/round shaped fillers requires some 
end-plate cutting. Surgical end-plate cutting structurally 
weakens the end-plate and introduces the risk of metal- 
lic fillers settling into the softer vertebral cancellous 
body. 

40 [0009] One specific prior art technique is discussed in 
United States Patent No. 6,21 7,509, which describes an 
access tubular channel from the skin to the targeted 
work area of the lamina (an approach that is typically 
used in the posterior transcanal spinal approaches), 

45 The working channel inside the tube allows for the use, 
as needed, of a viewing element, operating tools, tissue 
retractors, suction channels and a fluid channel. This 
prior art method is problematic when used in either its 
preferred embodiment or any other approach because 

50 it has no annular docking mechanism to ensure the safe 
delivery of the implant from outside of the body to the 
intervertebral disc space. 

[0010] Other prior art uses hydrogel "nucleus replace- 
ment" implants. Nucleus replacement means only the 
55 soft jelly part of the disc is replaced. The hydrogel needs 
a jacket for containment and has no effective fixation to 
the bone end-plate or the annulus. Additionally, clinical 
trials outside of the United States to date demonstrate 
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the potential for the hydrogel to e)ctrude from the jacket 
and disc space. 

Therefore, what is needed is an improved implant ma- 
terial for spinal interbody fusion surgery that can be im- 
planted into an intervertebral disc space using the pre- 
ferred minimally Invasive percutaneous transforaminal 
endoscopic spinal surgery methodology orthe tradition- 
al approach methods. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention overcomes the limita- 
tions of the prior art by providing an implant material for 
spinal surgery, which can be used with a minimally in- 
vasive surgical technique. Such an implant device has 
a shape substantially similarto a human disc space after 
evacuation of nucleus pulposus and cartilaginous end 
plate. In order to insert the implant through minimally 
invasive procedures, the whole implant is modularized. 
The implant consists of a first modular outer section, at 
least one modular middle section and a second modular 
outer section. When the first outer section, the middle 
section and the second outer section are placed adja- 
cent to each other, the implant device has a shape which 
is substantially oval and a cross section which is bi-con- 
vex. The preferred embodiment of the implant device is 
manufactured from human bone material or any biode- 
gradable material, which has been formed into the 
shape of the modular components. Inert plastic and met- 
al can be used as implant internal structural support. 
[001 2] The present invention is a substantial improve- 
ment over the prior art. Because of its modularity, the 
bone graft material of the present invention can be easily 
be inserted into position using minimally invasive surgi- 
cal techniques. The present invention further permits 
the use of an implant which fills the entire evacuated 
disc space for maximum graft to host bed surface con- 
tact. Additional features and advantages of the present 
invention will be appreciated by reviewing the following 
drawings and detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Figure 1 is an idealized side view of a human spinal 
column showing the arrangement of vertebrae and 
discs. 

Figure 2 is a cutaway view showing the placement 
and structure of discs in the spinal column. 
Figure 3 is a top view of a human vertebra showing 
a disc axial cross section. 

Figure 4 is a perspective view of the implant device 
of the present invention. 

Figure 5 is a plan view of the modular elements of 
the implant device. 

Figure 6 shows adjacent vertebrae with the disc re- 
moved, and illustrates the placement of the implant 



of the present invention. 

Figure 7 illustrates alternative arrangements of the 
modular elements of the present invention. 
Figure 8 illustrates the anatomy of the L5-S., disc in 

5 a human spinal column. 

Figure 9 is across sectional view of the Implant tak- 
en along the line 6-6 in Figure 5. 
Figure 1 0 is a cross sectional view of an alternative 
embodiment of the implant which is used to replace 

10 the L5.S1 vertebra. 

Figure 1 1 illustrates several different alternative em- 
bodiments of the invention. 
Figure 12 illustrates an alternative embodiment 
where only a portion of the implant is placed within 

15 the intervertebral space. 

Figure 1 3 illustrates the end plate of a human ver- 
tebra. 

Figure 14 illustrates an alternative embodiment of 
the implant. 

20 Figure 1 5 shows the insertion of the implant into the 
intervertebral space using an anterior surgical 
method. 

Figure 16 illustrates the insertion of the implant of 
the present invention using a transforaminal mini- 
25 mally invasive surgical technique. 

Figure 17 illustrates several different alternative 
embodiments of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

[0014] According to the present invention, there is dis- 
closed an implant device used when performing percu- 
taneous spinal transforaminal endoscopic interbody fu- 
sion. In the following description, forthe purposes of ex- 
35 planation, specific devices, production details, surgical 
methods and tools are set forth in order to provide a 
more thorough understanding of the invention. It will be 
apparent to those skilled in the art, however, that the 
present invention may be practiced without these spe- 
40 cifically enumerated details and that the preferred em- 
bodiment can be modified so as to provide other capa- 
bilities. In some instances, well-known structures and 
methods have not been described in detail so as not to 
obscure the present invention unnecessarily. 
45 [0015] Referring first to Figure 1, an idealized side 
view of a human spinal column illustrating discs located 
between adjacent vertebrae is shown. A disc 100 is lo- 
cated between each of the adjacent vertebrae 1 02. The 
dural sac 104 is shown passing vertically through the 
50 spinal canal. As shown, there is one disc located be- 
tween paired adjacent vertebrae. 
[0016] Figure 2 illustrates a cut-away view of a single 
disc between the vertebrae. The disc 100 consists of a 
cartilaginous end plate 105 as its top (cranial) and bot- 
55 tom (caudad) surface. The edge of the disc is surround- 
ed by tissue known as the annulus fibrosus 106. The 
annulus fibrosus is composed of structured layers of fi- 
brous tissue and fibro-cartilage. The layers 107 are ar- 
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ranged concentrically one within the other. The interior 
of the disc is filled with pulposus 1 08, a proteoglycan of 
gelatinous consistency. Figure 3 is a schematic axial 
view, which transects a human disc 100 located on top 
of a vertebra 1 02. The annulus fibrosus 1 06 and pulpo- 
sus 108 are shown in this Figure. 
[0017] The shape and size of the discs can vary in 
different parts of the spine. In shape, they accurately 
correspond to the surfaces of adjacent vertebrae. The 
discs are substantially oval in the cervical and lumbar 
regions of the spine. In the thoracic region, the discs 
have a more circular shape. The thicl<ness of the discs 
may also vary in different regions of the body. The size 
of the discs is greatest in the lumbar region. Figures 1 
through 3 illustrate the typical anatomy associated with 
human discs. It wili be apparent to those of skill in the 
art, however, that normal variations in this anatomy may 
arise in the human species. 

[0018] Referring next to Figures 4 and 5, the preferred 
embodiment of the implant 10 of the present invention 
is illustrated. Figure 4 is a perspective view of the im- 
plant and Figure 5 is a plan view looicing at the top sur- 
face of the device. The implant 10, as shown, has a 
shape which, generally conforms to the space between 
adjacent osseous vertebrae. The implant 1 0 is inserted 
into the space between the vertebrae after the disc nu- 
cleus and cartilaginous end plate have been evacuated 
in a surgical procedure. Typical reasons for removal of 
the disc are discussed above. However, it will be appar- 
ent that the present invention can be used in any in- 
stance when it is necessary to fuse adjacent vertebrae. 
[0019] The overall shape of the implant is best illus- 
trated in Figure 5, which is the plan view of the device. 
When viewed from above, the implant is generally oval 
in shape. The implant 10 has two end sections 12, 13 
that are curved. At least one middle section 1 5 is located 
between the two ends. The periphery of the implant is 
generally curved. Both sides 14 & 16 of the preferred 
embodiment of the implant 1 0 are convex in curvature. 
[0020] The implant in the preferred embodiment is of 
a size and shape substantially equal to the shape of an 
evacuated disc space. This space is illustrated in Figure 
6. Figure 6 shows adjacent vertebrae 1 02 with the disc 
100 that is normally between them removed. The loca- 
tion of the implant 100 is shown by the dashed line in 
Figure 6. The preferred embodiment of the whole im- 
plant has a length, width and height of approximately 
22-28mm x 18-24mm x 8-1 6mm. It will be apparent to 
those of sl<ill in the art that the implant may be manufac- 
tured in a range of sizes, and that it is not limited to this 
particular size. For example, female patients will quite 
often require that an implant of smaller dimensions be 
used as compared to male patients. Patients with unu- 
sual or atypical anatomy may require implants which, 
vary greatly in size from the average implant dimen- 
sions. 

[0021] It is anticipated that the present invention may 
be used to replace any of the discs, which are present 



in the human body. The disc, which is known as the 
L5.S-1 disc has a shape, which is generally different from 
the other discs in the human body. The Lg.S^ disc is il- 
lustrated in Figure 8. The Lg.S^ disc is the lowest disc 

5 in the spinal column. As can be seen, the anterior height 
of the Lg.S^ disc is greater than its posterior height. This 
feature is known as a height variant, anterior in this ex- 
ample. The present invention will accommodate any 
disc spaces that have a disc height variant in any section 

10 of a disc. 

[0022] The implant 10 is made of modular compo- 
nents, Referring again to Figures 4 and 5, the modular 
nature of the implant is illustrated, Several different com- 
ponents fit together to make up the whole implant. Fig- 

15 ure 5 illustrates that the preferred embodiment of the 
implant includes three components. The individual mod- 
ular components of the implant 1 0 have rounded edges 
facing the inner walls of the annulus fibrosus (not shown 
in Figures) and generally flat surface facing each other. 

20 From the top view, the components are separately either 
half moon (elements 1 2 and 1 3) or generally rectangular 
(element 15) in shape. 

[0023] The implant is bi-convex in cross-section. Fig- 
ure 9 illustrates a cross-sectional view of the implant 1 0 

25 taken along the line 9-9 in Figure 5. The implant will have 
similar cross-sectional shape in other directions. The bi- 
convex shape is an important aspect of the present in- 
vention. This shape perm its the implant to have total sur- 
face contact with host bed as compared to the prior art 

30 cylinder and block shaped grafts. 

[0024] As noted above, the L5-S-1 disc has an anterior 
height variant. The present invention accommodates 
this variant in an alternative embodiment. This alterna- 
tive embodiment is illustrated in Figure 10, which is a 

35 cross section of the implant. As shown, one end of the 
implant is thicker than the other. The implant is shaped 
to generally conform to the shape of the L5.S1 disc. 
[0025] It will be apparent that a larger number of mid- 
dle sections 15 can be used to make up the implant 10. 

40 Figure 7a illustrates an alternative embodiment of the 
invention, which includes 3 separate middle sections 1 5 
between the end sections 12 and 13. Alternatively, the 
middle section 15 can be eliminated entirely. Although 
the preferred arrangement of the modular sections is 

45 shown in Figure 5, the sections can take on different 
shapes and arrangements without departing from the 
scope of the present invention. The number of middle 
sections that are used will depend on different factors. 
These primarily include the width of the middle sections 

50 1 5 and the size of the end plates of the adjacent verte- 
brae, 

[0026] The implant in the preferred embodiment is 
manufactured from human bone material. The preferred 
embodiment uses donor bone. The modular sections 
55 can be carved from single pieces of bone. Alternatively, 
the sections can be made from bone dust or flakes, 
which is formed and pressed into shape. Other osteoin- 
ductive and osteoconductive materials can also be 
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used. Examples of such materials include ceramic, hy- 
drooxyapetite, coral, etc. Plastic or metal can be incor- 
porated as internal structural elements for strength. 
[0027] The implant is manufactured from bone mate- 
rial in order to pemnit the implant to fuse with the end 
plates of the vertebrae. The osteoinductive and osteo- 
conductive materials have a similar effect. In some clin- 
ical instances, however, it may not be advantageous for 
the implant to bond to the end plates. In such cases, the 
implant can be manufactured entirely from an inert ma- 
terial. In most instances when the implant is manufac- 
tured from an inert material, the implant acts as a tem- 
porary place holder. The inert implant can be replaced 
later with the preferred embodiment or other devices. 
[0028] Referring again to Figure 5, it is seen that in 
the preferred embodiment, implant is separated into 
modular pieces by cuts that are oriented in a front-to 
back direction. It will be apparent to those of skill in the 
art, however, that the cuts can be oriented in ways that 
are different from the preferred embodiment. Figure 11 
illustrates a few of the different ways that the implant 
can be cut into modular pieces. For example, the cuts 
can be disposed in a lateral, or side-to side orientation 
as shown in Figure 11a. Alternatively, the cuts can be 
on the oblique, as is shown in Figure lib. Referring 
again to Figure 5, The modular sections 12, 13,15 gen- 
erally have straight side edges. (See Figure 9). It may 
be advantageous, however, to incorporate grooved, 
beveled or serrated edge in order to limit movement be- 
tween the modular components. Examples of such edg- 
es are shown in Figure 1 1 c. 

[0029] The foregoing discussion has assumed that 
the present invention will be used in cases where a disc 
will be completely removed, and replaced by an implant. 
In a few instance, however, it is not desirable or neces- 
sary to replace the entire disc. In other cases, anatom- 
ical limitations of the patent make it impossible to place 
the entire implant between adjacent vertebrae. For ex- 
ample, a congenital defect or deformity may require only 
a small portion of the inter-vertebral space being fused. 
The modular nature of the present invention permits on- 
ly a portion of the overall implant to be inserted between 
adjacent vertebrae. Figure 12 illustrates a situation 
where only approximately half of the typical interverte- 
bral space has been filled with the implant, fusion of the 
remainder of the space being inaccessible or unneces- 
sary due to an atypical shape of the bone. 
[0030] Figures 1-3 illustrate the typical anatomy of 
vertebrae and discs. In some instances, the end plates 
of the vertebrae may have a shape, which is not entirely 
oval. A sample of one such vertebra is shown in Figure 
13. It is seen that the end plate Is not entirely oval, but 
rather resembles a kidney bean. One side of the oval is 
concave. The present invention accommodates these 
vertebrae in an alternative embodiment. The alternative 

embodiment is shown in Figure . As can be seen, 

one edge of the implant is also convex, to conform to 
the shape of the vertebra illustrated in Figure 14. 



[0031] The implant design of the present invention is 
used most advantageously in connection with a method 
of percutaneous transforaminal endoscopic lumbar in- 
terbody fusion surgery. One such method of surgery is 
5 described in Patent Application Serial No. 09/997,361 
and is briefly reviewed here. The method of percutane- 
ous transforaminal endoscopic lumbar surgery is the 
most desired method of surgery because, among other 
reasons, it is least invasive. It will be apparent to those 
of skill in the art that the implant of the present invention 
can be utilized with different surgical methods and ap- 
proaches, including methods such as the traditional 
posterior approach , or the anterior approach, which are 
all known in the prior art. 

[0032] With the method of percutaneous transforam- 
inal endoscopic lumbar surgery, the general method of 
access utilizes a system of cannulae to create a tunnel 
from an opening in the skin window to the target area. 
The target area is generally the painful disc to be re- 
moved. The initial step is to insert a large bore guide 
needlefollowing the preferred method from the skin win- 
dow to the foraminal annular window. The subsequent 
steps require the exchange of guide pin, cannulated ob- 
turator and progressively larger beveled cannulae. 
[0033] A series of progressively larger cannulae are 
then exchanged within the annular window. At all times 
the delivery system is docked within the annular window. 
Nucleus pulposus and cartilaginous end plates are re- 
moved utilizing appropriate tools. The round shaped 
opening in the annular window is changed into rectan- 
gular shape by next inserting a round shaped spreader 
then exchanged to aflat blade spreader. The final device 
of the delivery system that comprises the tunnel walls is 
the flat blade spreader and its covers. The generally an- 
gular shaped tunnel permits transit of mostly angular 
shaped implant module without risk of entanglement in 
the soft tissue. 

[0034] The sizing of the whole implant is determined 
by measuring the dimensions of the excavated cavity 
under direct endoscopic visualization. After completion 
of the above preparations, introduction of the optimally 
sized modular disc-shaped implant components from 
the outside of the skin surface into the disc space is per- 
formed. The preferred method uses at least two pieces 
of modular disc-shaped implant components. Each 
piece has at least one flat surface. The flat surface of 
the subsequently implanted piece opposes and engag- 
es the flat surface of the last inserted module. The first 
piece is inserted and pushed as far away as possible to 
the right or left side of the delivery tube trajectory against 
the inner surface of the annulus. Gradual seating of the 
components is made possible by using various con- 
toured impactors and spreaders. Once the first compo- 
nent is in place, the second component is inserted to the 
opposite side of the tube trajectory. For a disc space of 
larger size, a third, fourth or more implant component, 
rectangular in shape, can be introduced between the 
right and left positioned components. Figure 15 shows 
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the implant being inserted using an anterior surgical ap- 
proach. Figure 1 6 illustrates an innplant, which is cut on 
the obliquely being inserted into place. 
[0035] It is desirable for the innplant to have a large 
height and cross-sectional surface area to maximize the 
contact area with the opposing host end-plates. When 
the implant material is in place it will place the end-plate 
and graft surfaces under firm compression. Since the 
tunnel from the skin window into the disc space is very 
limited in height and width, it is preferred to make each 
modular element of the implant just small enough to fit 
through the delivery tube. Two or more components of 
the whole implant make separate transitthrough the rel- 
atively smaller tube. The modular nature of the implants 
allows the implant materials to be positioned in the in- 
tervertebral area with minimally invasive techniques. As 
noted above, there is a direct relationship to the degree 
of invasiveness required in a surgical procedure and the 
recovery time necessary after the surgery. When there 
is minimal access trauma and minimal destabilization, 
there is no need for additional stabilization surgery. Any 
necessary rehabilitative activities can be started much 
sooner after the conclusion of the surgery. 
[0036] After the insertion of the implant material, sup- 
plementary osteoconductive and osteoinductive agents 
in the form of paste, jelly or sponge can also be inserted 
to fill any small crevices or voids that remain in the target 
intervertebral disc space. 

[0037] The present invention has been described as 
being used to replace nucleus pulposus and cartilagi- 
nous end plate in surgery on human patients. It will be 
apparent to those of skill in the art that the present in- 
vention can be easily modified to be used in a wide va- 
riety of different animals with equal effectiveness. 
Therefore, the present invention will have an application 
and similar efficacy in the veterinarian arts as well. 
[0038] An applicator device can be used to apply the 
modular section. Such an applicator device will contain 
a means for holding and exercising control over the in- 
vention. Applicator means can be, but are not limited to, 
tweezers, pliers, screwdrivers, socket wrenches or 
handgrips. An alternative embodiment of the invention 
will include an attachment means, which is incorporated 
into or onto the modular section that is adjusted to be 
engaged by the applicator. The attachment means will 
be designed so as to allow the operator a greater deal 
of control over the modular section when using the ap- 
plicator device to insertthe modularsection between the 
vertebrae. The attachment means 200 can be, for ex- 
ample, a hole, a notch, a screw, or a peg. Figure 17 il- 
lustrates several examples of this alternative embodi- 
ment. It will be obvious to those skilled in the art that this 
list of various attachment means is merely illustrative 
and non-exhaustive. 

[0039] It will be apparent to those skilled intheartthat 
the foregoing description is for illustrative purposes only, 
and that various changes and modifications can be 
made to the present invention without departing from the 



overall spirit and scope of the present invention. The full 
extent of the present invention is defined and limited on- 
ly by the following claims. 



Claims 



1. An implant device for spinal interbody fusion sur- 
gery, comprising: 

10 

a plurality of modular elements, said elements 
being adapted to fit together into a single as- 
sembly, such that said assembly has a shape 
substantially similar to an excavated disc 
15 space. 

2. The device of Claim 1 wherein said implant de- 
vice is substantially oval in shape. 

20 3. The implant device of Claim 1 wherein said as- 
sembly is bi-convex in cross-section. 

4. The implant device of Claim 1 where said implant 
device is manufactured from biodegradable mate- 

25 rial. 

5. The implant device of Claim 1 wherein said mod- 
ular elements include two outer members and a plu- 
rality of inner members wherein said implant is cut 

30 laterally into said members from a unitary element. 

6. The implant device of Claim 1 wherein said mod- 
ular elements include two outer members and a plu- 
rality of inner members wherein said elements are 

35 cut obliquely into said members from a unitary ele- 
ment. 

7. The implant device of Claim 1 wherein said im- 
plant device elements include two outer members 

40 and a plurality of inner members wherein the interior 
edge of the two said outer members and the length- 
wise edges of the said plurality of inner members 
are cut in a non-straight line such that the edge of 
one said member couples with the edge of the ad- 

45 jacent said member when said implant is fully as- 
sembled. 

8. The implant device of Claim 1 wherein said im- 
plant device is manufactured from carbon fiber ma- 

50 terial. 

9. The implant device of Claim 1 wherein said im- 
plant device is manufactured from hydrooxyapetie 
material. 

55 

10. The implant device of Claim 1 wherein said im- 
plant device is manufactured from autologous bone 
material. 
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11. The implant device of Claim 1 wlierein said im- 
plant device is manufactured from donor bone ma- 
terial. 

12. The implant device of Claim 1 wherein said im- 5 
plant device is manufactured from cylinders made 
from materials that include at least one of a group 
including metallic, carbon fiber, hydrooxyapetie, do- 
nor bone material or autologous bone material. 

10 

13. The implant device of Claim 1 wherein said im- 
plant device is manufactured from blocl<s made 
from materials that include at least one of a group 
including metallic, carbon fiber, hydrooxyapetie, do- 
nor bone material or autologous bone material. is 

14. The implant device of Claim 1 wherein said im- 
plant device is manufactured from chips made from 
materials that include at least one a group including 
metallic, carbon fiber, hydrooxyapetie, donor bone 20 
material or autologous bone material. 

15. The implant device of claim 1 wherein said im- 
plant device is manufactured from flakes of human 
bone which have been formed into each of said 25 
modular section. 

16. The implant device of claim 1 wherein said im- 
plant device is manufactured from dust of human 
bone which has been formed into each of said mod- 30 
ular sections. 

17. The implant device of Claim 1 wherein said im- 
plant device is manufactured from coral bone ma- 
terial. 35 

18. The device of Claim 1 wherein said implant de- 
vice has one side that is substantially concave in 
shape. 

40 

19. The device of Claim 1 wherein said implant de- 
vice has one edge that is substantially convex in 
shape. 

19. The implant device of Claim 1 where said im- 45 
plant device is manufactured from an inert material. 

20. The implant device of Claim 1 wherein said im- 
plant is formed such that a first end of said implant 
device is thicker than a second end of said implant so 
device such that when said device is fully assem- 
bled, the height of said module tapers from said first 
end to said second end. 

21. An implant device forspinal surgery, said device 55 
having a shape substantially similar to an excavat- 
ed disc space healthy human disc, comprising: 



a first modular end section; 
at least one modular middle section disposed 
adjacent to said first modular end section; 
a second modular end section disposed adja- 
cent to said at least one modular middle sec- 
tion; 

wherein said first end section, said at least 
one middle section and said second end section are 
placed adjacent to each other, such that said im- 
plant device has a shape with is substantially oval, 
and one side of said oval is concave, and a cross 
section which is bi-convex. 

22. The implant device of Claim 21 wherein said first 
modular end section; is thicker than said second 
modular end section 

23. The implant device of claim 21 wherein said im- 
plant device is manufactured from flakes of human 
bone which have been formed into each of said 

modular sections, 

24. The implant device of claim 21 wherein said im- 
plant device is manufactured from dust of human 
bone which have been formed into each of said 
modular sections. 

25. The device of claim 21 wherein each of said 
modular sections is manufactured from an inert ma- 
terial. 

26. The implant device of Claim 21 wherein said im- 
plant device comprises two outer members and a 
plurality of inner members wherein said implant is 
cut laterally into said members. 

27. The implant device of Claim 21 wherein said im- 
plant device comprises two outer members and a 
plurality of inner members wherein said implant is 
cut obliquely into said members. 

28. The implant device of Claim 21 wherein said im- 
plant device comprises two outer members and a 
plurality of inner members wherein the interior edge 
of the two said outer members and the lengthwise 
edges of the said plurality of inner members are cut 
in a non-straight line such that the edge of one said 
member couples with the edge of the adjacent said 
member when said implant is fully assembled. 

29. The implant device of Claim 21 wherein said im- 
plant device is manufactured from carbon fiber ma- 
terial. 

30. The implant device of Claim 21 wherein said im- 
plant device is manufactured from hydrooxyapetie 
material. 
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31 . The implant device of Claim 21 wherein said im- 
plant device is manufactured from autologous bone 
material. 

32. The implant device of Claim 21 wherein said im- 5 
plant device is manufactured from donor bone ma- 
terial. 

33. The implant device of Claim 21 wherein said im- 
plant device is manufactured from cylinders made io 
from materials from a group including at least one 

of metallic, carbon fiber, hydrooxyapetie, donor 
bone material and autologous bone material. 

34. The implant device of Claim 21 wherein said im- is 

plant device is manufactured from blocks made 
from materials from a group including at least one 
of metallic, carbon fiber, hydrooxyapetie, donor 
bone material and autologous bone material. 

20 

35. The implant device of Claim 21 wherein said im- 
plant device is manufactured from chips made from 
materials from a group including at least one of me- 
tallic, carbon fiber, hydrooxyapetie, donor bone ma- 
terial and autologous bone material. 25 

36. The implant device of claim 21 wherein said im- 
plant device is manufactured from flakes of human 
bone which have been formed into each of said 
modular section. 30 

37. The implant device of claim 21 wherein said im- 
plant device is manufactured from dust of human 
bone, which has been formed into each of said mod- 
ular sections. 35 

38. The implant device of Claim 21 wherein said im- 
plant device is manufactured from coral bone ma- 
terial. 

40 

39. The device of Claim 21 wherein said implant de- 
vice has one side that is substantially concave in 
shape. 

40. The device of Claim 21 wherein said implant de- 45 
vice has one edge that is substantially convex in 
shape. 

41. The implant device of Claim 21 where said im- 
plant device is manufactured from an inert material, so 

42. The implant device of Claim 21 wherein said im- 
plant is formed such that a first end of said implant 
device is thicker than a second end of said implant 
device such that when said device is fully assem- 55 
bled, the height of said module tapers from said first 
end to said second end. 



43. A method of surgically replacing a human nu- 
cleus pulposus and cartilaginous end plate com- 
prising the steps of: 

(a) creating a tunnel in soft tissue of a patient, 
said tunnel linking a skin window of said pat- 
ent's skin with said disk to be replaced; 

(b) removing said human nucleus pulposus 
from between adjacent vertebrae; 

(c) removing any additional material located be- 
tween said bony adjacent vertebrae; 

(d) inserting at least one tubular system into 
said tunnel; 

(e) passing at least two modular components 
of a spinal implant through said tube into a 
space previously occupied by said disc, each 
of said modular components being separately 
passed through said tube and into the appro- 
priate location. 

44. Apparatus for surgically replacing a human nu- 
cleus pulposus and cartilaginous end plate com- 
prising: 

(a) means for creating a tunnel in soft tissue of 
a patient, said tunnel linking a skin window of 
said patient's skin with said disk to be replaced; 

(b) means for removing said human nucleus 
pulposus from between adjacent vertebrae; 

(c) means for removing any additional material 
located between said bony adjacent vertebrae; 

(d) means for inserting at least one tubular sys- 
tem into said tunnel; and 

(e) means for passing at least two modular 
components of a spinal implant through said 
tube into a space previously occupied by said 
disc, each of said modular components being 
adapted to be separately passed through said 
tube and into the appropriate location. 
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face (7), and a locking surface (9). A second prosthetic interface, and the first and second locking surfaces are 

adapted to form a locking interface. 




99 

J 



^ FIG. 1 

Lil 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 374 807 A1 



2 



Description 

[0001] This invention relates to a prosthetic interver- 
tebral disc which allows for natural motion between ad- 
jacent vertebrae. 

[0002] The leading cause of lower back pain arises 
from rupture or degeneration of lumbar intervertebral 
discs. Pain in the lower extremities is caused by the 
compression of spinal nerve roots by a bulging disc, 
while lower back pain is caused by collapse of the disc 
and by the adverse effects of bearing weight through a 
damaged, unstable vertebral joint. One conventional 
method of managing these problems is to remove the 
problematic disc and replace it with a prosthetic disc that 
allows for the natural motion between the adjacent ver- 
tebrae ("a motion disc"). 

[0003] US-5676701 ("Yuan") discloses a motion disc 
including a first component whose Inner surface com- 
prises a concave inner portion having a 360° circumfer- 
ence and a convex peripheral portion, and an opposing 
second component whose inner surface comprises a 
conforming convex inner portion and a convex periph- 
eral portion. The convex/concave contours of the op- 
posing inner portions forms a ball-and-socket design 
that allows unrestricted pivotal motion of the device, 
while the opposing convex peripheral contours allow 
flexion/extension bending motion In the range of about 
20-30°. 

[0004] However, neither component of the Yuan de- 
vice limits the extent to which the articulation surface 
may become vertical disengaged. Restraint of the piv- 
otal motion In this device is provided by the contours of 
the opposing peripheral surfaces. Moreover, the articu- 
lating surfaces of Yuan are relatively small in area, lim- 
ited to the middle third of the device. 
[0005] US-5507816 ("Bullivant") discloses a three- 
piece motion disc comprising an upper piece having a 
flat lower surface, a middle spacer having a flat upper 
surface and a convex lower surface, and a lower piece 
having a concave upper surface. The articulating con- 
vex and concave surfaces form an articulating interface 
that allows pivotal motion, while the flat surfaces form a 
translation interface that allows translational motion. 
Bullivant further teaches that the natural tension of the 
vertebrae ensures that the vertebrae are biassed to- 
gether to trap the spacer in place, and that the 90° ex- 
tension of the convex and concave surfaces virtually 
eliminates any chance of the spacer escaping from be- 
tween the upper and lower pieces under normal pivotal 
movement of the vertebrae. 

[0006] Since Bullivant relies upon natural tension to 
keep the components in place, none of the components 
is designed to limit the vertical disengagement of the ar- 
ticulation surfaces. Restraint of the pivotal motion ap- 
pears to be provided by the peripheral portions of the 
inner surfaces of the upper and lower components (i.e., 
downwardly flat facing surface 28 and upwardly flat fac- 
ing surface 30). Moreover, Bullivant does not teach a 



two piece design. The articulating surfaces of Bullivant 
are relatively small in area, limited to the middle half of 
the device. 

[0007] US-61 13637 ("Gill") discloses a motion disc 

5 having a ball and socket articulation, wherein the trough 
of the socket has aflat portion. The ball and socket ge- 
ometry provides pivotal motion while the flat portion of 
the trough allows the ball to slide, thereby providing 
some translation motion. 

10 [0008] Gill relies upon independent rigid fixation of 
each component to its respective vertebral endplate as 
the means for limiting vertical disengagement of its ar- 
ticulation surfaces. Restraint on pivotal motion of the de- 
vice is provided by rim 57 extending laterally from the 

15 penmeter of the socket, and by the ngid fixation of the 
upper and lower components to their respective verte- 
brae. Gill is a non-conforming design. The size of the 
articulating surfaces of Gill is relatively small when com- 
pared to the overall size of the motion disc. 

20 [0009] US-6039763 ("Shelokov") discloses a motion 
disc that articulates in a manner resembling the human 
knee. The disc comprises an articulating concave/con- 
vex interface which is bimodal in nature along its lateral 
plane. In one embodiment, the convex surface features 

25 a gradually changing radius of curvature along its ante- 
rior-posterior ("A-P") plane so that A-P flexion provides 
for A-P translation. In one embodiment, the concave 
surface includes A-P channels adapted to permit lateral- 
lateral translation. Lastly, the pair of concave shaped 

30 surfaces can be separated by a raised surface to pro- 
vide a gentle braking of the lateral-lateral translation. 
[0010] The Shelokov device is non-conforming in both 
the lateral and A-P planes. There appears to be no 
means for limiting vertical disengagement of its articu- 

35 lation surfaces. Restraint on pivotal motion of the device 
is provided by the raised surface between the concave 
surfaces. 

[001 1 ] Therefore, there is a need for a motion disc that 
limits the vertical disengagement of the articulating sur- 
40 faces. 

[0012] The present inventors have found that provid- 
ing a prosthetic motion disc with a locking means ad- 
vantageously limits the extent of normal disengagement 
of an articulation interface of the disc dunng normal use. 

^5 [0013] The locking means may include any structure 
located on or in connection with a first prosthetic verte- 
bral endplate that limits the normal disengagement of 
the articulating surfaces by physically interacting with a 
structure located on or In connection with the second 

50 prosthetic vertebral endplate. 

[0014] In one embodiment, there is provided a two- 
piece design comprising first and second prosthetic ver- 
tebral endplates, and a locking means holding the two 
prosthetic vertebral endplates together. In one preferred 

55 embodiment, a portion of the locking means extends 
from one of the articulating surfaces. In another pre- 
ferred embodiment, the articulation interface Is formed 
in part by an articulation surface formed upon a projec- 
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tion portion of the locking nneans. Preferably, the artic- 
ulation interface allows for pivotal motion in any direc- 
tion, and axial rotation. 

[0015] Therefore, in accordance with the present in- 
vention, there is provided a motion disc comprising: 

a. a first prosthetic vertebral en dp late having 

i. an outer surface adapted to mate with a first 
vertebral body, 

ii. an inner surface comprising a first articulation 
surface, and 

b. a second prosthetic vertebral endplate having 

i, an outer surface adapted to mate with a sec- 
ond vertebral body, 

ii. an inner surface comprising a second artic- 
ulation surface, and 

c. locking means for limiting the extent of disen- 
gagement of the first articulation surface from the 
second articulation surface. 

[0016] Preferably, the first and second articulation 
surfaces are adapted to form an articulating interface, 
[0017] The present inventors have also found that in 
preferred embodiments, the device can include a pair of 
locking surfaces adapted to limit the normal disengage- 
ment of the articulating surfaces. 
[0018] Accordingly, also in accordance with the 
present invention, there is provided a motion disc com- 
prising: 

a. a 



b. a 



wherein the first and second articulation surfaces 
are adapted to form an articulating interface, and 

wherein the first and second locking surfaces are 
adapted to form a locking interface. 
[0019] Since, in preferred embodiments, each pros- 
thetic vertebral endplate of the prosthetic device has 
both an articulating surface and a locking surface, in ac- 
cordance with the present invention, there is provided a 



prosthetic vertebral endplate for use in a motion disc, 
the prosthetic vertebral endplate comprising: 

i. an outer surface adapted to mate with a vertebral 
5 body, and 

11. an inner surface comprising an articulation sur- 
face, and 

ill. a locking surface. 

[0020] In many embodiments, the locking surface is 
located on the inner surface of the prosthetic vertebral 
endplate. In many embodiments, the locking surface 
and the articulation surface face substantially opposite 
directions. 

[0021] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, in which: 

FIG. 1 discloses a cross section of a first embodi- 
ment of the present invention. 
FIG. 2 discloses a cross sectioned embodiment of 

the present invention. 

FIG. 3 discloses a perspective view of the lower 
prosthetic vertebral endplate of the embodiment of 
FIG.2. 

FIG. 4 discloses a perspective view of the upper 
prosthetic vertebral endplate of the embodiment of 
FIG.2. 

FIG. 5 discloses a perspective view of an assem- 
bled embodiment of FIG.2. 

FIG. 6 discloses a cross section of a second em- 
bodiment of the present invention. 
FIG. 7 discloses a cross sectioned embodiment of 
the present invention. 

FIG. 8 discloses a perspective view of the upper 
prosthetic vertebral endplate of the embodiment of 
FIG.7. 

FIG. 9 discloses a perspective view of the lower 
prosthetic vertebral endplate of the embodiment of 
FIG.7. 

FIG. 10 discloses a perspective view of an assem- 
bled embodiment of FIG.7. 
FIGS. 11-19 disclose cross sections of various em- 
bodiments of the present invention. 
FIG. 20 discloses a cross-sectional view of an em- 
bodiment of the present invention having a thread- 
ed locking feature. 

FIG. 21 discloses a perspective view of an embod- 
iment having a tab extending from an upper pros- 
thetic vertebral endplate. 

FIG. 22 discloses a perspective view of an embod- 
iment having a dual-holed tab extending from an up- 
per prosthetic vertebral endplate. 
FIG. 23 discloses a perspective view of an embod- 
iment having a dual-holed tab extending from an up- 
per prosthetic vertebral endplate, and a single holed 
tab extending from a lower prosthetic vertebral end- 
plate. 
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first prosthetic vertebral endplate having 35 

I. an outer surface adapted to mate with a first 
vertebral body, 

ii. an innersurface comprising afirst articulation 
surface, and 40 

iii. a locking surface, and 

second prosthetic vertebral endplate having 

i. an outer surface adapted to mate with a sec- 45 
ond vertebral body, 

ii. an inner surface comprising a second artic- 
ulation surface, and 

iii. a locking surface, 

50 
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[0022] For the purposes of the present invention, an 
"articulation interface" includes any interface adapted to 
provide at least one type of natural motion between ver- 
tebral bodies, including pivotal motion, translational mo- 
tion and rotational motion. An articulation interface can 
be conforming or non-conforming. 
[0023] For the purposes of the present invention, a 
surface with in a recess extending from the innersurface 
of a prosthetic vertebral end plate is considered to be 
part of the inner surface of the prosthetic vertebral end- 
plate. 

[0024] For the purposes of the present invention, 
"prosthetic vertebral endplate" broadly describes a com- 
ponent designed to substantially fit within an interverte- 
bral space and mate with an opposing surface of one of 
the adjacent vertebral bodies. The "prosthetic vertebral 
endplate" includes all geometric configurations, includ- 
ing but not limited to substantially thin and substantially 
blocky configurations. Types of mating include, but are 
not limited to, penetrating the adjacent vertebral body, 
simply contacting the adjacent vertebral body, and pro- 
viding fixation through a third component such as a fas- 
tener (such as a screw) that is received within or con- 
nected to the prosthetic vertebral endplate. Such fixa- 
tion may occur upon a non-opposing surface of the ad- 
jacent vertebral body (such as the anterior wall of the 
vertebral body). The adjacent vertebral body may be 
prepared or unprepared so that the contacting surface 
thereof may include the cortical end endplate portion of 
the vertebral body or the internal cancellous portion of 
the vertebral body 

[0025] Referring to the drawings, Figure 1 shows a 
motion disc 99 comprising: 

(a) a first prosthetic vertebral endplate 1 having: 

(i) an outer surface 3 adapted to mate with a 
first vertebral body, 

(ii) an inner surface 5 comprising a first articu- 
lation surface 7, 

(iii) a body portion 21 located between the inner 
and outer surfaces, and 

(iv) a recess 23 extending from the inner sur- 
face into the body portion and forming a first 
locking surface 9, and 

(b) a second prosthetic vertebral endplate 11 hav- 
ing: 

(i) an outer surface 13 adapted to mate with a 
second vertebral body, 

(ii) an innersurface 15 comprising a second ar- 
ticulation surface 17 and a projection 29 ex- 
tending from the second articulation surface 
and comprising a shank 31 and an enlarged 
end portion 33 forming a second locking sur- 
face 19, 



wherein the first and second articulation sur- 
faces are adapted to form a conforming articulating 
interface, 

wherein the first and second locking surfaces 
5 are adapted to fonn a locking interface, and 

wherein the recess has a shallow portion 25 
having a width Ws and a deep portion 27 having a 
width Wd, wherein the width of the deep portion is 
greater than the width of the shallow portion. 

10 

[0026] In normal use, articulation surfaces 7 and 17 
will articulate with one another in one or more types of 
motion. However, there may be extreme activity that 
acts to separate the articulation surfaces 7 and 17, 

15 thereby producing normal disengagement of the articu- 
lation interface. When the disengagement proceeds to 
the extent that locking surface 19 of the projection 
comes into contact with the locking surface 9 of the re- 
cess, these surfaces 9 and 1 9 advantageously limit the 

20 extent of such normal disengagement of the articulation 
interface. 

[0027] The device of FIG. 1 further contains a means 
for restraining the articulating motion of the device. In 
this case, the extent of pivotal motion may be deter- 
25 mined by the depth of any number of gaps formed be- 
tween the projection and the recess, including: a) a first 
gap between the end surface 35 of the projection and 
the deep surface 37 formed by the recess, b) a second 
gap Gg formed between the lateral ends 39,41 of the 
30 enlarged head and the lateral walls 43,45 of the deep 
portion of the recess, and c) a third gap G3 formed be- 
tween the diameter of the shank 31 and the diameter of 
the shallow portion 25 of the recess. When normal ac- 
tivity causes an extreme articulation such that the sur- 
35 faces that determine a gap come in contact with each 
other, such contact acts to restrain the articulating mo- 
tion of the device. 

[0028] In preferred embodiments, the gaps are pro- 
vided such that the articulating interface is limited to be- 
40 tween 1 0 and 1 5° (and preferably about 13°) of A- P mo- 
tion, and between 5 and 10° (and preferably about 6°) 
of lateral motion, 

[0029] As it is believed that each prosthetic vertebral 

endplate shown in Figure 1 by itself possesses advan- 
45 tageous novelty over those conventional prosthetic ver- 
tebral endplates, in accordance with the present inven- 
tion, there is provided a prosthetic vertebral endplate for 
use in a vertebral motion disc comprising: 

50 (a) an outer surface adapted to mate with a first ver- 
tebra, 

(b) an inner surface having a projection extending 
therefrom, 

55 wherein at least a portion of the inner surface is 

adapted to form an articulating surface, and wherein the 
projection has an inner portion having a width and a out- 
er portion having a width, wherein the width of the outer 
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portion is greater than the width of the inner portion. 
[0030] Also in accordance with the present invention, 
there is provided a prosthetic vertebral endplatefor use 
in a vertebral nnotion disc comprising: 

(a) an outer surface adapted to mate with a second 

vertebra, 

(b) an inner surface, 

(c) a body portion between the inner and outer sur- 
faces, and 

(d) a recess extending from the inner surface into 
the body portion, 

wherein at least a portion of the inner surface is 
adapted to form an articulating surface, and, 

wherein the recess has a shallow portion having 
a width and a deep portion having a width, wherein the 
width of the deep portion is greater than the width of the 
shallow portion. 

[0031] The first prosthetic vertebral endplate 1 of FIG. 

1 may be either the upper or lower prosthetic vertebral 
endplate. Preferably, however, the first prosthetic verte- 
bral endplate is the lower prosthetic vertebral endplate. 
[0032] Figures 2-5 disclose a more detailed device of 
the present invention having a locking means substan- 
tially similar to that shown in Figure 1 . Now referring to 
Figure 2, which shows a cross-section of the assembled 
prosthetic vertebral endplates, the locking means com- 
prises the mushroom-shaped projection located on the 
upper prosthetic vertebral endplate, and the recess lo- 
cated on the lower prosthetic vertebral endplate. The ar- 
ticulation interface of the device of Figure 2 is provided 
by a ball and socket design comprising the first and sec- 
ond articulating surfaces. Accordingly, in this embodi- 
ment, the projection does not form a portion of the artic- 
ulating surface. 

[0033] Also, in this embodiment shown in FIG. 2, ar- 
ticulating surfaces 7 and 1 7 extend essentially to the pe- 
riphery of the inner surface of their respective prosthetic 
vertebral endplates. Because of the essentially full ex- 
tension of these surfaces to the periphery, the periphery 
of the inner surface does not act as a limitation on the 
range of motion of the device. In contrast, the periphery 
of the inner surface of the Yuan device acts as a limita- 
tion on the range of pivotal motion. 
[0034] In addition, the essentially full extension of 
these surfaces to the periphery increases the surface 
area of the articulation interface, thereby reducing the 
stress upon the articulation surfaces and likely reducing 
the wear of the articulation surfaces. Preferably, at least 
one (and more preferably both) of the articulation sur- 
faces has a surface area which is at least 80% (and 
more preferably, at least 90%) of the periphery of a foot- 
print of its respective prosthetic vertebral endplate. 
[0035] Now referring to Figure 3, which shows the 
lower prosthetic vertebral endplate of FIG. 2 alone, the 
shallow portion 23 of the recess forms a rectangular 
shape whose longer dimension is oriented in the ante- 



rior-posterior direction. Now referring to Figure 4, which 
shows the upper prosthetic vertebral endplate of FIG. 2 
alone, the enlarged end portion of the projection forms 
a rectangular end surface 35 whose longer dimension 

5 is oriented in the lateral direction. The cross-sectional 
area of the shallow portion 23 of the recess is slightly 
larger than that of the rectangular end surface 35 so that 
the rectangular end surface 35 may pass therethrough. 
In use, the two rectangular shapes are aligned, the en- 

10 larged end portion of the projection is passed through 
the shallow portion of the recess and enters the deep 
portion of the recess. Then one of the prosthetic verte- 
bral endplates is rotated about 90° relative to the other. 
Since the longer dimension of the rectangular end sur- 

15 face 35 is greater than the shorter dimension of shallow 
portion 23, the enlarged end portion of the projection 
can not easily re-enter the shallow portion of the recess, 
but rather becomes locked in the deep portion of the re- 
cess. 

20 [0036] Now referring to Figure 5, a perspective view 

of the assembled disc is shown. Preferably, the contours 
of the outside surfaces of the respective prosthetic ver- 
tebral endplates are such that, when the shank of the 
projection is disposed substantially parallel to the shal- 
25 low portion of the recess, the outside surfaces are not 
parallel but rather form an angle a in the A-P direction. 
Preferably, the outside surfaces are adapted to provide 
a lordotic angle in the A-P direction. A lordotic angle is 
desirable because the natural anatomical disposition of 
30 the disc space in the lumbar region of the spine is lor- 
dotic (i.e., produces a forward lean). Preferably, the out- 
side surfaces are adapted to provide a lordotic angle of 
between 5 and 10°, more preferably between 6 and 8°, 
most preferably about 7°. 
35 [0037] In the particular embodiment shown in FIGS. 
2-5, the projection extends from the concave articulating 
surface of the upper prosthetic vertebral endplate, while 
the recess extends from the convex articulating surface 
of the lower prosthetic vertebral endplate. In other em- 
40 bodiments, the locations of the articulating surfaces may 
be reversed. For example, the projection may extend 
from a convex portion of an upper prosthetic vertebral 
endplate and the recess may extend from a concave 
portion of a lower prosthetic vertebral endplate. Similar- 
45 ly^ the locations of the projection and recess may be re- 
versed. For example, the projection may extend from a 
convex articulating surface of the lower prosthetic ver- 
tebral endplate and the recess may extend from a con- 
cave articulating surface of the upper prosthetic verte- 
50 bral endplate. Lastly, the projection may extend from a 
concave articulating surface of the lower prosthetic ver- 
tebral endplate and the recess may extend from a con- 
vex articulating surface of the upper prosthetic vertebral 
endplate 

55 [0038] Also in accordance with the present invention, 
and now referring to Figure 6, there is provided a verte- 
bral motion disc 199 comprising: 
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(a) a first prosthetic vertebral endplate 101 having 
an outer surface 103 adapted to mate with a first 
vertebra, and inner surface 1 05 having a projection 
129 extending therefrom, the projection having an 
outer end portion 130 forming an outer articulating 
surface 131 , 

(b) a second prosthetic vertebral endplate 111 hav- 
ing a outer surface 113 adapted to mate with a sec- 
ond vertebra, an inner surface 1 15, a body portion 
121 between the inner and outer surfaces, and a 
recess 1 23 extending from the inner surface into the 
body portion and forming an inner articulating sur- 
face 133, 

wherein the outer articulating surface of the pro- 
jection and the inner articulating surface of the recess 
form a conforming articulating interface, 

wherein the recess 123 has a shallow portion 125 
having a width Ws and a deep portion 127 having a width 
Wd, wherein the width of the deep portion is greaterthan 
the width of the shallow portion. 

[0039] The device shown in Figure 6 principally differs 
from that of Figure 1 in that whereas the inner surfaces 
of the device of Figure 1 form an articulation interface 
and the projection of Figure 1 comprises merely a lock- 
ing surface, the inner surfaces 115,1 05 of the device of 
Figure 6 do not form an articulation interface (but are 
merely shaped to limit the desired range of motion of the 
device), and the projection 129 of FIG. 6 comprises not 
only a locking surface but also an articulation surface. 
[0040] Referring again to FIG. 6, the limitation of the 
normal disengagement of the prosthetic vertebral end- 
plates is provided by locking surface 135 of the projec- 
tion when it comes into contact with the locking surface 
137 of the recess. 

[0041] In some embodiment as in FIG. 6, the range of 
motion of the device may be limited by the peripheral 
portion of the inner surfaces. In this case, the contours 
of the peripheral portions of the inner surfaces of the 
respective prosthetic vertebral endplates are such that, 
when the shank of the projection is disposed substan- 
tially parallel to the shallow portion of the recess, the 
peripheral portions of the inner surfaces are not parallel 
but rather form an angle p. In preferred embodiments, 
the contours of the peripheral portions of the inner sur- 
faces of the respective prosthetic vertebral endplates 
are such that the angle p is limited to between 1 0 and 
15° (and preferably about 13°) of A-P direction, and 
preferably between 5 and 1 0° (and preferably about 6°) 
of lateral direction. 

[0042] As it is believed that each prosthetic vertebral 
endplate shown in Figure 6 by itself possesses advan- 
tageous novelty over those conventional prosthetic ver- 
tebral endplates, in accordance with the present inven- 
tion, there is provided a prosthetic vertebral endplate for 
use in a vertebral motion disc comprising: 

(a) an outer surface adapted to mate with a first ver- 



tebra, 

(b) an inner surface having a projection extending 
therefrom, the projection fomning an outer face, 

5 wherein at least a portion of the outer surface of 

the projection is adapted to form an articulating surface, 
and 

wherein the projection has an inner portion having 
a width and a outer portion having a width, wherein the 
10 width of the outer portion is greater than the width of the 

inner portion. 

[0043] Also in accordance with the present invention, 
there is provided a prosthetic vertebral endplate for use 
in a vertebral motion disc comprising: 

15 

(a) an outer surface adapted to mate with a second 

vertebra, 

(b) an inner surface, 

(c) a body portion between the inner and outer sur- 
20 faces, and 

(d) a recess extending from the inner surface into 
the body portion, the recess forming an inner sur- 
face, 

25 wherein at least a portion of the inner surface of 

the recess is adapted to form an articulating surface, 
and 

wherein the recess has a shallow portion having 
a width and a deep portion having a width, wherein the 
30 width of the deep portion is greater than the width of the 
shallow portion. 

[0044] In the particular embodiment shown in FIG 6, 
the projection extends from the lower prosthetic verte- 
bral endplate, while the recess extends into the upper 
35 prosthetic vertebral endplate. In other embodiments, the 
locations of the projection and recess may be reversed. 
For example, the projection may extend from the lower 
prosthetic vertebral endplate and the recess may extend 
from the upper prosthetic vertebral endplate. When the 
40 projection extends from the lower prosthetic vertebral 
endplate and the recess extends from the upper pros- 
thetic vertebral endplate, the articulation surface is 
formed at a lower position (i.e. within the lower prosthet- 
ic vertebral endplate), and so is more stable. 
45 [0045] Figures 7-10 disclose a more detailed device 
of the present invention having a locking means sub- 
stantially similar to that shown in Figures. Now referring 
to Figure 7, which shows a cross-section of the assem- 
bled prosthetic vertebral endplates, the locking means 
50 comprises the mushroom-shaped projection located on 
the lower prosthetic vertebral endplate, and a recess lo- 
cated on the upper prosthetic vertebral endplate. Now 
refernngto Figure 8, the shallow portion 83 of the recess 
defines a rectangular shape whose longer dimension is 
55 oriented in the anterior posterior direction. Now referring 
to Figure 9, the enlarged end portion of the projection 
forms a rectangular end surface 81 whose longer di- 
mension is onented in the lateral direction. The size of 
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the shallow portion of the recess is slightly larger than 
that of the enlarged end portion of the projection so that 
the enlarged end portion may pass therethrough. In use, 
the two rectangular shapes are aligned, the enlarged 
end portion projection is passed through the shallow 
portion of the recess, and then one prosthetic vertebral 
endplate is rotated about 90° so that the enlarged end 
portion of the projection becomes locked in the deep 
portion of the recess. The assembled disc is shown in 
FIG. 10. 

[0046] Now referring to Figure 1 0, a perspective view 
of the assembled disc is shown. Preferably, the contours 
of the outside surfaces of the respective prosthetic ver- 
tebral endplates are such that, when the shank of the 
projection is disposed substantially parallel to the shal- 
low portion of the recess, the outside surfaces are not 
parallel but rather form an angle y in the A-P direction. 
Preferably, the outside surfaces are adapted to provide 
a lordotic angle in the A-P direction. Preferably, the out- 
side surfaces are adapted to provide a lordotic angle of 
between 5 and 10°, more preferably between 6 and 8°, 
most preferably about 7°. 

[0047] The present invention may also be provided in 
various embodiments in which the locking means is pro- 
vided at different locations on the device, as shown be- 
low. 

[0048] Now referring to Figure 11, there is provided 
another embodiment of the present invention wherein 
the locking means comprises a projection 601 extending 
from the peripheral portion 603 of an inner surface of a 
first prosthetic vertebra! endplate and fitting into a re- 
cess 605 extending from a peripheral portion 607 of an 
inner surface of a second prosthetic vertebral endplate. 
[0049] Now referring to Figure 12. wherein the locking 
means comprises a projection 611 extending from a 
sidewall 613 of a first prosthetic vertebral endplate and 
fitting into a recess 615 extending from a sidewall 617 
of a second prosthetic vertebral endplate. 
[0050] Now referring to Figure 13, there is provided 
another embodiment of the present invention in which 
the projections of the locking means extend from the 
sidewalls of each and their respective locking surfaces 
625,627 form a locking interface located outside the pe- 
riphery of the prosthetic vertebral endplates and be- 
tween the prosthetic vertebral endplates. 
[0051] Now referring to Figure 14, there is provided 
another embodiment of the present invention which is 
similarto the device of Figure 1 3, except that the locking 
interface is located towards the lower prosthetic verte- 
bral endplate. 

[0052] Now referring to Figure 15, there is provided 
another embodiment of the present invention further 
comprising a connector 201 having a shank 203 andfirst 
and second end portions 205, 207 forming locking sur- 
faces 209, 211 that are adapted to form a locking inter- 
face with the respective locking surfaces 213,215 locat- 
ed within the respective recesses 217, 219 of the two 
prosthetic vertebral endplates. 



[0053] Figure 16 is substantially similar to Figure 13, 
except that the locking means is provided by a pair of 
interconnected rings. 

[0054] Now referring to Figure 17, there is provided 
5 another embodiment of the present invention further 
comprising a ligament 301 having first and second end 
portions 303, 305 respectively connected to first and 
second sidewalls 307, 309 to form the locking means. 
[0055] In Figure 18, upper prosthetic vertebral end- 
plate 400 comprises upper articulation surface 401 , ra- 
dially peripheral projection 403, and outer recess 405, 
while lower prosthetic vertebral endplate 407 comprises 
lower articulation surface 409, radially peripheral recess 
411 , and outer projection 413. 

[0056] The overiapping arcs of the projections allow 

outer surface 415 of radially peripheral projection 403 
to form a locking interface with the inner surface 41 7 of 
outer projection 413 and thereby limit normal disen- 
gagement. The gaps between a) the end surface 41 9 of 
projection 403 and the deep surface 421 of recess 411 , 
and b) the end surface 423 of projection 413 and the 
deep surface 425 of recess 405 determine the range of 
motion of the device. 

[0057] Now referring to Figure 19, there is provided 
another embodiment of the present invention further 
comprising aconnectorSOl having ashank503 andfirst 
and second end portions 505, 507 comprising both lock- 
ing surfaces 509, 511 that are adapted to fomn a locking 
interface with the respective locking surfaces 513, 515 
located within the respective recesses of the two pros- 
thetic vertebral endplates 525, 527, and articulating sur- 
faces 51 7, 51 9 that are adapted to form a locking inter- 
face with the respective articulating surfaces 521 , 523 
located within the respective recesses 529, 531 of the 
two prosthetic vertebral endplates. 
[0058] In some embodiments, the locking means is 
provided by a first component having a first locking sur- 
face which is attached to (or is integral with) a first pros- 
thetic vertebral endplate, and a second component hav- 
ing a second locking surface attached to (or is integral 
with) a second prosthetic vertebral endplate. Generally, 
the prosthetic vertebral endplates are adapted so that 
the two locking surfaces contact each other when the 
outer surfaces of the two prosthetic vertebral endplates 
move apart, thereby limiting the normal disengagement 
of the prosthetic vertebral endplates. Examples of lock- 
ing means provided by a combination of components 
include a project! on -an d-recess combination (as in Fig- 
ures 1 and 6), and a pair of projections combination (as 
in Figures 13 and 16), and their structural equivalents. 
[0059] In other embodiments, the locking means com- 
prises a ligament attached to each prosthetic vertebral 
endplate whose middle portion experiences tension 
when the two prosthetic vertebral endplates move apart, 
The tension so produced limits the normal disengage- 
ment of the prosthetic vertebral endplates. Structural 
equivalents of such integral locking means, including a 
cable and a spring, a ligament (as in Figure 1 7) are also 
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contemplated. 

[0060] In Sonne embodiments, an element of the lock- 
ing means may extend from an articulation surface. For 
example, in Figure 1 , the projection 29 extends from ar- 
ticulation surface 1 7. In others, an element of the locking 
means may extend from an Inner surface of a prosthetic 
vertebral endplate but is located outside the articulation 
surface. For example, in Figure 11 , a projection 601 ex- 
tends from the peripheral portion 603 of the inner sur- 
face and is located between the articulation surface 606 
and side wall 608. In others, the elements of the locking 
means may extend from side walls of the component. 
For example, in Figure 12 the projection 611 extends 
from side wall 613. 

[0061] In some embodiments, the locking means 
comprises a pair of opposed locking surfaces adapted 
to form a locking interface. In some embodiments, the 
locking interface is disposed substantially parallel to the 
articulation interface. 

[0062] In many embodiments, as in Figure 1 , the lock- 
ing interface is formed by a first locking surface on a first 
prosthetic vertebral endplate oriented to face the oppo- 
site direction of the articulation surface of the first pros- 
thetic vertebral endplate, and a second locking surface 
on a second prosthetic vertebral endplate oriented to 
face the opposite direction of the articulation surface of 
the second prosthetic vertebral endplate. In some em- 
bodiments, as in Figure 1 9, the device comprises a third 
component, and the locking interface is formed by a first 
locking surface on the third component oriented to face 
the opposite direction of the articulation surface of the 
first prosthetic vertebral endplate, and a second locking 
surface on the third component oriented to face the op- 
posite direction of the articulation surface of the second 
prosthetic vertebral endplate. In some embodiments, as 
in Figure 15, the device comprises a third component, 
and the locking interface is formed by a first locking sur- 
face on the third component oriented to face the same 
direction of the articulation surface of the first prosthetic 
vertebral endplate, and a second locking surface on the 
third component oriented to face the same_di recti on of 
the articulation surface of the second prosthetic verte- 
bral endplate. 

[0063] In some preferred embodiments, the locking 
means comprises a projection extending from a first 
prosthetic vertebral endplate and a recess extending in- 
to a body portion of a second prosthetic vertebral end- 
plate, wherein the projection fits inside the recess. More 
preferably, the projection extends from the inner surface 
of the first prosthetic vertebral endplate and the recess 
extends from the inner surface of the second prosthetic 
vertebral endplate. In some embodiments, each of the 
projection and recess have a mushroom shape compris- 
ing a narrow first portion and an enlarged end portion, 
In such embodiments, once the enlarged end portion of 
the projection is advanced into the enlarged deep por- 
tion of the recess, the enlarged end portion of the pro- 
jection can not be easily pulled out of the recess. Typi- 



cally, this requires the projection to have an enlarged 
end portion to possess a diameter that is greater than 
the diameter of the narrow portion of the recess. Some 
examples of some mushroom-type locking means will 

5 now be disclosed: 

[0064] Now referring to Figure 2 and 3, in one embod- 
iment, the locking means may comprise a mushroom- 
shaped projection having a enlarged end portion having 
a rectangular end surface and a mushroom shaped re- 

10 cess having a rectangular shallow portion which is 
slightly larger than the rectangular end surface of the 
projection. The projection is advanced through the rec- 
tangular portion of the recess by carefully aligning the 
two rectangular portions. Once the projection has ad- 

15 vanced through the shallow portion of the recess, one 
of the prosthetic vertebral endplates is rotated 90° to 
lock the enlarged end portion of the projection within the 
enlarged end portion of the recess. 
[0065] In other embodiments, the locking means may 

20 comprise a mushroom-shaped projection having an en- 
larged end portion having a D-shaped end surface and 
a mushroom shaped recess having a corresponding D- 
shaped shallow portion which is slightly larger than the 
D-shaped end surface of the projection. This embodi- 
es ment is similar to the rectangular-shaped means de- 
scribed above, except that the D shapes are aligned on- 
ly upon 180 degree rotation of the prosthetic vertebral 
endplates. Accordingly, this embodiment is less likely to 
become disengaged. 

30 [0066] Now referring to FIG. 20, in one embodiment, 
the locking means comprises a mushroom-shaped pro- 
jection having an enlarged threaded end portion 751 
and a mushroom shaped recess having a threaded shal- 
low portion 753 which mates with the projection thread. 

35 The projection is advanced through the rectangular por- 
tion of the recess by screwing the projection head 
through the shallow portion of the recess. Once the en- 
larged portion of the head has advanced through the 
shallow portion of the recess, it can not randomly es- 

40 cape the recess. 

[0067] In one embodiment, the locking means com- 
prises a mushroom-shaped projection having an an- 
chor-type end portion and a mushroom shaped recess 
having a shallow portion whose diameter is less than 

45 that of the anchor. The projection is advanced through 
the rectangular portion of the recess by squeezing the 
anchor through the shallow portion of the recess. Once 
the enlarged portion of the head has advanced through 
the shallow portion of the recess, it can not randomly 

50 escape the recess. 

[0068] In one embodiment, the locking means com- 
prises a mushroom-shaped projection having a flexible 
tab end portion and a mushroom shaped recess having 
a shallow portion whose diameter is less than that of the 

55 tab. The projection is advanced through the rectangular 
portion of the recess by squeezing the tab through the 
shallow portion of the recess. Once the enlarged portion 
of the tab has advanced through the shallow portion of 
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the recess, it can not randonnly escape the recess. 
[0069] In one embodiment, the locking means com- 
prises a projection comprising a memory metal and a 
mushroom shaped recess. The projection is designed 
so that its end portion is straight at a first lower temper- 
ature and Its end Is curved at a second higher temper- 
ature. The projection is provided at the lower tempera- 
ture so that the straightened end portion of the projection 
is easily advanced through the shallow portion of the re- 
cess. Once the end portion of the projection has ad- 
vanced through the shallow portion of the recess, body 
heat raises the temperature so that the end portion 
curves so that it can not randomly escape the recess. 
[0070] In some embodiments, the projection is char- 
acterized by a mushroom-type geometry, comprising a 
narrow shank portion and a enlarged end portion. Pref- 
erably, the length of the shank portion is between 0.5 
and 5 (preferably, between 1 and 4) times the length of 
the enlarged end portion. Preferably, the diameter of the 
shank portion is between 0.25 and 1 times larger than 
the larger dimension of the enlarged end portion. In 
some embodiments, the enlarged end portion forms an 
inner surface 19 extending substantially parallel to the 
articulation surface. This inner surface may form a por- 
tion of the locking interface. In some embodiments, the 
enlarged end portion has an outer surface shaped to 
form a portion of an articulating surface 131. In some 
embodiments, this articulating outer surface describes 
an arc of between about 1 and 30°, preferably between 
5 and 15°. 

[0071] In some embodiments, the recess is also char- 
acterized by a mushroom-type geometry, comprising a 
narrow shallow portion and a enlarged deep portion. 
Preferably, the length of the narrow shallow portion is 
between 1 and 2 times the length of the enlarged deep 
portion. Preferably, the diameter of the enlarged deep 
portion Is between 1 .1 and 3 times larger than the diam- 
eter of the narrow shallow portion. In some embodi- 
ments, the enlarged deep portion fonns an inner locking 
surface extending from the narrow shallow portion in a 
substantially orthogonal direction. This inner locking 
surface may form a portion of the locking interface. In 
some embodiments, the enlarged deep portion of the 
recess defines an outer articulating surface shaped to 
form a portion of an articulating interface. In some em- 
bodiments, this outer articulating surface describes an 
arc of between about 5 and 15°. 
[0072] In some embodiments, the projection and re- 
cess each have an axial cross-section wherein the cross 
section of the recess is substantially congruent to the 
cross section of the projection. Preferably, the ratio of 
the diameter of the enlarged end portion (or "head") of 
the projection to the diameter of the deep portion of the 
recess is between 0.25 to 0.75. Preferably, the ratio of 
the diameter of the shank portion of the projection to the 
diameter of the shallow portion of the recess is between 
0.25 and 0.75. 

[0073] In some embodiments having a projection and 



a recess, the projection has a length and the recess has 
a depth, and the depth of the recess is greater than the 
length of the projection. Preferably, the depth of the re- 
cess is between 10% and 50% greater than the length 
5 of the projection. 

[0074] The present Invention may also comprise a 
means for restraining the pivotal motion of the device to 
limit the pivotal motion of the articulating interface to a 
desirable arc. 

10 [0075] Accordingly, in accordance with the present in- 
vention, there is provided a motion disc comprising: 

(a) an upper prosthetic vertebral endplate having a 
first surface and an second surface, 
15 (b) a lower prosthetic vertebral endplate having a 
first surface and an second surface, 
(c) means for restraining pivotal movement of the 
upper prosthetic vertebral endplate to the lower 
prosthetic vertebral endplate, 

20 

wherein at least a portion of the second surface of 
the upper prosthetic vertebral endplate and at least a 
portion of the first surface of the lower prosthetic verte- 
bral endplate fomn a conforming articulating interface, 
25 and 

wherein the means for restraining pivotal move- 
ment is encompassed by the articulating surface. 
[0076] In some embodiments, the means may act to 
limit the pivotal anterior-posterior motion of the artlcu- 
30 lating interface to between 1 and 30°, and preferably 
about 13°. In some embodiments, the relative shapes 
of the projection and recess act to limit the pivotal lateral 
motion ofthe articulating interface to between 1 and 30°, 
and preferably about 6°. 
35 [0077] In other embodiments, the means for restrain- 
ing pivotal motion may comprise a shock-absorbing ma- 
terial disposed within the deep portion of the recess. 
Preferably, this material is formed into a donut shape 
and rings the deep portion of the recess so as to contact 
40 the enlarged head ofthe projection during extreme cas- 
es of pivotal motion, thereby gently limiting the extent of 
pivotal motion. In other embodiments, the shock-ab- 
sorbing material may be placed in the shallow portion of 
the recess and similarly limit the motion of the shank 
45 portion of the projection. 

[0078] The articulating interface of the present inven- 
tion can be either conforming or nonconforming. Prefer- 
ably, it is a confonning interface. If a non-conforming in- 
terface is selected, the surfaces thereof are preferably 
50 provided with an outer layer of a wear-resistant material , 
such as a TiN coating or diamond film coating. The ar- 
ticulating surfaces are preferably highly polished to a 
surface roughness Ra of no more than 1 0 nm to limit the 
wear debris generation. This surface roughness can be 
55 produced using conventional polishing methods. 

[0079] In some embodiments, the articulation inter- 
face comprises a curved bearing interface. The curved 
bearing interface can be selected from the group con- 
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sisting of hemispherical, cylindrical, ellipsoidal and ob- 
long. The articulation surface can provide at least one 
of pivotal motion, axial rotational motion, and translation 
motion, and combinations thereof. In one preferred em- 
bodiment, the articulation surface provides both pivotal 
motion and axial rotational motion. 
[0080] I n some embodiments of the present invention 
(such as Figure 2), the locl<ing means may be located 
within a body portion of one of the prosthetic vertebral 
endplates and the articulation surface may be located 
upon the inner surfaces of the prosthetic vertebral end- 
plates. Preferably, the articulation surface of this em- 
bodiment extends to include the periphery of the inner 
surfaces. This arrangement provides a greater amount 
of surface area for articulation, thereby reducing the 
pressure upon the articulation interface and therefore 
the potential for wear. In some embodiments, at least 
80% (and preferably, at least 90%) of the surface area 
of an inner surface of a prosthetic vertebral endplate is 
an articulation surface. 

[0081] Short term fixation can be employed by any 
conventional means, including providing at least one 
prosthetic vertebral endplate with an angled hole for the 
insertion of a bone screw therethrough. In some embod- 
iments, the anterior side of at least one prosthetic ver- 
tebral endplate is provided with an extension (or a "tab") 
having a hole therethrough for the reception of a screw. 
Now referring to FIG. 21 , a proximal portion 711 of a tab 
713 extends horizontally from the sidewall of an upper 
prosthetic vertebral endplate and then bends about 90° 
to form a vertically-disposed distal portion 715 having a 
hole 717 therethrough for reception of a fastener such 
as a screw. Now referring to FIG. 22, the vertically-dis- 
posed distal portion 725 comprises two tongues 726, 
727 having holes 729, 731 therethrough for reception of 
fasteners. Formed between the pair of tongues is a nest 
733. 

[0082] FIG. 23 discloses a perspective view of an em- 
bodiment having an upper prosthetic vertebral endplate 
having a pair of tongues forming a nest, and a single- 
holed tab extending from a lower prosthetic vertebral 
endplate. The periphery of the lower tab matches the 
shape of the nest formed in the upper tab. Accordingly, 
when more than one of these devices are used in adja- 
cent vertebrae, the downward-extending single-holed 
tab of the upper device can fit into the upward-facing 
nest of the lower device, thereby allowing the devices 
to efficiently overlap. 

[0083] Long term fixation may be accomplished by 
providing a porous coating suitable for bone ingrowth 
upon the outer surfaces of the first and second prosthet- 
ic vertebral endplates. In addition, the outer surfaces of 
the first and second prosthetic vertebral endplates can 
be flat (as in Figure 1 ), or, each can have dome contours 
(as in FIG. 5) for better long term fixation. Cutting tools 
which shape the adjacent vertebral endprosthetic ver- 
tebral endplates to match the contours of the device's 
outer surfaces can be used. In some embodiments, the 



outer surfaces of the first and second prosthetic verte- 
bral endplates have teeth extending therefrom to aid in 
fixation. In some embodiments, these teeth form pyra- 
mid shapes. The footprint of the endprosthetic vertebral 
5 endplates can have any conventional shape, including 
but not limited to substantially trapezoidal, substantially 
circular, substantially oval, substantially kidney-shaped, 
and substantially square. 

[0084] If a tension-producing locking means is used, 

10 it is preferably directly attached to a side wall of each 
prosthetic vertebral endplate. However, in some embod- 
iments, it may be attached to a surface within a recess 
extending eitherfrom aside wall of a prosthetic vertebral 
endplate, or from an inner surface of each prosthetic 

15 vertebral endplate. 

[0085] The prosthetic vertebral endplates of the 
present invention may be manufactured by conventional 
metal forming technology, including pouring molten met- 
al into moulds. In some preferred embodiments, first and 

20 second prosthetic vertebral endplates are made from 
CoCr alloy. Articulation surfaces may be polished to a 
surface roughness Ra of no more than about 10 nm by 
conventional means. Projections used to form locking 
surfaces can be made integral with a first prosthetic ver- 

25 tebral endplate, or made as a separate component and 
then attached to the first prosthetic vertebral endplate, 
Preferably, each prosthetic vertebral endplate is sterile. 
[0086] In use, a problematic disc is removed by the 
surgeon and the disc space created is cleaned of any 

30 remaining cartilagenous material. Next, the endplates 
of the opposing vertebrae are shaped to match the 
shapes of the outer surfaces of each prosthetic vertebral 
endplate. 

[0087] Preferably, the disc of the present invention is 
35 used in a sterile condition. To assemble and lockthe disc 

of Figure 1 , the shapes of enlarged end portion of pro- 
jection and the shallow portion of the recess are first 
aligned, the first prosthetic vertebral endplate is then 
pushed down until the enlarged end portion of projection 

40 passes through the shallow portion and into deep por- 
tion 27. Next, the prosthetic vertebral endplates are ro- 
tated about 90° in relation to each other, and the en- 
larged head of the projection will correspondingly turn 
and become locked in the deeper portion of the recess, 

45 thereby limiting the extent of separation of the articulat- 
ing surfaces, but allowing pivotal motion axial rotation 
and, if desired, translation. 

[0088] Next, the surgeon places the locked device of 

the present invention into the disc space so that the out- 
50 er surface of a first prosthetic vertebral endplate of the 
device snugly contacts the upper vertebral endplate, 
and the outer surface of a second prosthetic vertebral 
endplate of the device snugly contacts the lower verte- 
bral endplate. Lastly, the surgeon provides short term 
55 fixation. 
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Claims 

1. A prosthetic intervertebral disc which allows for nat- 
ural nnotion between adjacent vertebrae, compris- 
ing: 

(a) a first prosthetic vertebral endplate having 

(i) an outer surface adapted to mate with a 
first vertebral body, 

(ii) an inner surface comprising a first artic- 
ulation surface, and 

(ill a locking surface, and 

(b) a second prosthetic vertebral endplate hav- 
ing 

(i) an outer surface adapted to mate with a 
second vertebral body, 

(ii) an inner surface comprising a second 

articulation surface, and 

(iii) a locking surface, 

wherein the first and second articulation sur- 
faces are adapted to form an articulating interface, 
and 

wherein the first and second locking surfaces 
are adapted to form a locking interface. 

2. The disc of claim 1 wherein the inner surface of the 
first prosthetic vertebral endplate has a projection 
extending therefrom, and the locking surface of the 
first prosthetic vertebral endplate is formed on the 
projection. 

3. The disc of claim 2 wherein the projection extends 
from the first articulation surface. 

4. The disc of claim 2 wherein the inner surface of the 
first prosthetic vertebral endplate further comprises 
a non-articulating surface, and the projection ex- 
tends from the non-articulating surface. 

5. The disc of claim 4 wherein the non-articulating sur- 
face is disposed upon the inner surface peripherally 
to the articulating surface. 

6. The disc of claim 2 wherein the projection compris- 
es a shank having a diameter and an enlarged end 
portion having a diameter, and the diameter of the 
enlarged end portion is greater than the diameter of 
the shank. 

7. The disc of claim 6 wherein the articulation surface 
of the first prosthetic vertebral endplate is formed 
on the enlarged end portion of the projection. 

8. The disc of claim 7 wherein the articulation surface 



forms an arc of between 5° and 15°. 

9. The disc of claim 1 further comprising a sidewall dis- 
posed between the inner and outer surfaces of the 

5 first prosthetic vertebral endplate, and wherein the 
sidewall of the first prosthetic vertebral endplate has 
a projection extending therefrom, and the locking 
surface of the first prosthetic vertebral endplate is 
formed on the projection. 

10 

10. The disc of claim 2 wherein the first prosthetic ver- 
tebral endplate is an upper prosthetic vertebral end- 
plate, and the second prosthetic vertebral endplate 
is a lower prosthetic vertebral endplate. 

15 
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(54) Cage intervertebrale perfectionnee 

(57) La presents invention concerne les cages in- 
tervertebrales. notannnrient pour le traitement du rachis 
degeneratif, 

La cage intervertebrale selon I'invention se carac- 

terise essentiellement par le fait qu'elle comporte une 
entretoise 1 apte a etre disposee entre deux vertebres, 
une lame 20 comportant deux extremites opposees 25, 
26, des moyens 21 pour deplacer la lame par rapport a 
j'entretolse de fa9on que la lame soit apte a prendre 



deux positions, une premiere position dans laquelle la 
lame est situee dans I'espace 22 compris entre les deux 
plans 23, 24 contenant les deux faces 3, 4 de I'entretoi- 
se, et une seconde position dans laquelle les deux ex- 
tremites opposees 25, 26 de la lame emergent de part 
et d'autre de cet espace 22, les deux extremites 25, 26 
comportant chacune un epaulement, de fagon que ces 
epaulements 41, 42 soient enfonces dans les deux 
corps vertebraux quand ladite lame 20 est dans sa se- 
conde position. 
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Description 

[0001] La presente invention concerne des perfec- 
ttonnements aux cages intervertebrales qui trouvent 
une application particulierennent avantageuse, mais 
non exclusivement, pour le traitement du rachis dege- 
neratif. 

[0002] Une cage intervertebrale, notannment pour le 
traitement du rachis degeneratif, est deja connue. Une 
telle cage est par exemple decrite dans le docunnent EP 
1 104 665. Elle comporte essentiellennent une entretoi- 
se en forme de disque comprenant deux faces de base 
opposees sensiblement planes et paralleles et une pa- 
rol laterale reliant les deux faces de base. Cette entre- 
toise est apte a etre disposee entre les faces en regard 
des deux corps vertebraux respectivement de deux ver- 
tebres consecutives, en remplacement du disque en- 
dommage situe entre ces deux vertebres, les deux fa- 
ces de base de I'entretoise etant placees au contact des 
corps vertebraux. L'entretoise peut en outre comporter 
une cavtte ouverte dans laquelle il est possible de placer 
un greffon osseux ou analogue dans le but de souder 
entre eux les deux corps vertebraux par osteosynthese. 
La cage comprend aussi au moins une lame, compor- 
tant deux extremltes opposees conformees en biseau, 
et des moyens pour deplacer cette lame par rapport a 
une premiere des deux parties de parol laterale defagon 
que la lame soit apte a prendre deux positions, une pre- 
miere position dans laquelle la lame est entierement si- 
tuee dans I'espace compris entre les deux premier et 
second plans contenant les deux faces de base de I'en- 
tretoise, et une seconde position dans laquelle les deux 
extremites opposees de la lame emergent de part et 
d'autre de cet espace. 

[0003] Cette realisation donne generalement de bons 
resultats, pour notamment malntenir les deux corps ver- 
tebraux a bonne distance I'un de I'autre et empeclier, 
du fait notamment de la presence de la lame qui s'im- 
plante dans les deux corps vertebraux, que la cage su- 
bisse des glissements suivant une direction sensible- 
ment perpendiculaire a I'axe general de la colonne ver- 
tebrale. En revanche, elle n'empeche pas que les deux 
corps vertebraux puissent s'ecarter I'un de I'autre. Pour 
pallier cet inconvenient, avec une telle cage, II est Im- 
plante en plus par exemple des plaques, tiges, etc. qui 
sont vissees dans les deux corps vertebraux. 
[0004] La presente invention a pour but de reallser un 
perfectionnement a la cage intervertebrale pour le trai- 
tement du rachis degeneratif telle que definie cl-avant, 
qui permet de ne pas Implanter d'autres elements com- 
me des plaques, tiges, etc. comme mentlonne cl-des- 
sus. 

[0005] Plus precisement, la presente invention a pour 
objet une cage intervertebrale pour le traitement du ra- 
chis degeneratif, comprenant: 

une entretoise sensiblement en forme de disque 
comportant deux faces de base opposees sensible- 



ment planes et paralleles et une parol laterale re- 
liant les deux faces de base, cette parol laterale 
comportant deux parties opposees, ladite entretoi- 
se etant apte a etre disposee entre les faces en re- 

5 gard des deux corps vertebraux respectivement de 
deux vertebres consecutives en remplacement du 
disque endommage entre ces deux vertebres, les 
deuxfaces de base de I'entretoise etant aptes a etre 
placees au contact au molns partlel des deux corps 

10 vertebraux, 

au molns une lame, ladite lame comportant 
deux extremltes opposees confomnees en bi- 
seau, et 

15 - des moyens pour deplacer ladite lame par rap- 
port a une premiere des deux parties de paroi 
laterale de fagon que la lame soit apte a pren- 
dre deux positions : 

20 * une premiere position dans laquelle la la- 

me est entierement situee dans I'espace 
compris entre les deux premier et second 
plans contenant les deuxfaces de base de 

I'entretoise, et 

25 * une seconde position dans laquelle les 

deux extremites opposees de ladite lame 
emergent de part et d'autre dudit espace, 

caracterlsee par le fait que les deux extremites oppo- 
se sees de ladite lame emergeant de part et d'autre dudit 
espace lorsque la lame est dans sa seconde position, 
comportent chacune un epaulement, ces deux dits 
epaulement etant respectivement realises sur les deux 
extremites opposees de fagon qu'ils soient sensible- 
35 ment contenus dans des plans paralleles aux plans des 
deux faces de base opposees de I'entretoise et respec- 
tivement enfonces dans les deux corps vertebraux 
quand ladite lame est dans sa seconde position. 
[0006] D'autres caracterlstlques et avantages de I'in- 
40 vention apparaitront au cours de la description suivante 
donnee en regard des dessins annexes a titre illustratif 
mals nullement llmltatif, dans lesquels : 

La figure 1 represente une vue partielle d'un pre- 
45 mier mode de realisation de la cage Intervertebrale 
selon I'invention, et 

Les figures 2A, 2B et 2C representent trois vues, 
respectivement de cote, de face et de dessus, d'une 
partie d'un second mode de realisation de la cage 
50 Intervertebrale selon I'invention. 

[0007] II est bien precise que, sur les figures, les me- 
mes references designent les memes elements, quelle 
quesoit la figure sur laquelle elles apparaissentet quelle 
55 que soit la forme de representation de ces elements. 
[0008] De meme, si des elements ne sont pas speci- 
flquement references sur Tune des figures, leurs refe- 
rences peuvent etre aisement retrouvees en se repor- 
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tantaune autre figure. 

[0009] Le Demandeur tient aussi a preciser que les 

figures representent deux modes de realisation de I'ob- 
jet selon I'invention, mais qu'il peut exister d'autres mo- 
des de realisation qui repondent a la definition de cette 
invention. 

[0010] II precise en outre que, lorsque, selon la defi- 
nition de I'invention, I'objet de I'invention comporte "au 

moins un" element ayant une fonction donnee, le mode 
de realisation decrit peut comporter plusieurs de ces 
elements. 

[001 1] II precise aussi que, si les modes de realisation 
de I'objet selon I'invention telqu'illustrescomportent plu- 
sieurs elements de fonction identique et que si, dans la 
description, 11 n'est pas specifie que I'objet selon cette 
invention doit obligatoirement comporter un nombre 
particulier de ces elements, I'objet de rinvention pourra 
etre def ini comme comportant "au moins un" de ces ele- 
ments. 

[0012] La presente invention concerne une cage in- 
tervertebrale perfection nee pour, notamment, le traite- 
ment du rachis degeneratif . 

[0013] Cette cage intervertebrale perfectionnee com- 
prend essentiellement une entretoise 1 en forme de dis- 
que sensiblement parallelepipedique comportant avan- 
tageusement un logement en creux dans lequel 11 est 
possible de placer un greffon osseux, comme notam- 
ment decrit dans le document definissant I'art anterieur 
cite dans le preambule de la presente description. 
[0014] De ce fait, ce disque comporte deux faces de 
base opposees 3, 4 sensiblement planes et paralleles 
entre elles et une parol laterale 5 reliant les deux faces 
de base. Dans une forme particulierement avantageu- 
se, cette parol laterale comporte par exemple deux par- 
ties opposees dont, seule, la partie referencee 6 est re- 
presentee. 

[0015] L'entretoise 1 est apte a etre disposee entre 
les faces en regard 8, 9 des deux corps vertebraux 1 0, 
11 respectivement de deux vertebres consecutives, en 
remplacement du disque endommage qui se trouvait 
entre ces deux vertebres, les deux faces de base 3, 4 
de l'entretoise 1 etant aptes a etre placees au contact 
au moins partiel des faces en regard 8, 9 des deux corps 
vertebraux. 

[0016] La cage comporte en outre au moins une lame 
20 et des moyens 21 pour deplacer cette lame par rap- 
port a la premiere des deux parties opposees de la paroi 
laterale 5, en I'occurrence la partie 6 sur la figure 1 , de 
fagon que la lame puisse prendre deux positions: 

une premiere position dans laquelle la lame est en- 
tierement situee dans I'espace 22 compris entre les 
deux premier et second plans 23, 24 contenant les 
deux faces de base 3, 4 de l'entretoise 1 , et 
une seconde position comme celle qui est illustree 
sur les figures 1 et 2A, dans laquelle les deux ex- 
tremites opposees 25, 26 de la lame emergent de 
part et d'autres de cet espace 22. 



[0017] En outre, de fagon avantageuse, les deux ex- 
tremites 25, 26 de la lame 20 sent conf ormees en biseau 
de fagon a pouvoir penetrer plus facilement dans I'os 
des corps vertebraux 1 0, 11 a la maniere d'une lame de 
5 couteau. 

[0018] Dans une realisation avantageuse, les 
moyens 21 definis ci-dessus, pour deplacer la lame 20 
par rapport a une premiere des deux parties de paroi 
laterale opposees, en I'occurrence la partie 6 dans la 

10 representation sur la figure 1 , de fagon que la lame soit 
apte a apprendre deux positions, comportent par exem- 
ple un arbre 30 monte au moins en rotation suivant un 
axe 31 dans la premiere partie 6 de la paroi laterale 5, 
et des moyens pour monter la lame en cooperation avec 

'5 une premiere extremite de I'arbre 30, la seconde extre- 
mite de I'arbre plongeant par exemple dans le logement 
creux defini ci-avant. 

[0019] Cet arbre 30 permet de transmettre la com- 
mande pour faire passer la lame 20 de sa premiere po- 

20 sition a sa seconde position, et reciproquement s'il est 
par exemple necessaire de retirer la cage intervertebra- 
le apres qu'elle ait ete implantee. 
[0020] Les moyens pour faire passer, par rotation, la 
lame 20 de sa premiere position a sa seconde position 

25 et reciproquement, peuvent etre constitues par des par- 
ties en saillie ou en creux deforme polygonale reallsees 
a la premiere extremite de I'arbre 30, avec lesquelles 
peuvent cooperer des ancillaires sensiblement identi- 
ques a des outils classiques que Ton denomme couram- 

30 ment cles a tube, tourne vis ou analogues. 

[0021] La cage peut aussi comporter des moyens 
pour maintenir la lame dans sa seconde position et I'em- 
pecher de revenir a sa premiere position sous I'effet de 
quelque contrainte que ce soit qui serait exercee par le 

35 patient lui-meme, tout en lui permettantde revenir a cet- 
te premiere position sous I'effet de forces exterieures 
exercees, par exemple, a I'aide d'un instrument ancillai- 
re. 

[0022] Selon une caracteristique importante de I'in- 

40 vention, les deux extremites opposees 25. 26 de la lame 
emergeant de part et d'autre de I'espace 22 lorsque la 
lame 20 est dans sa seconde position, comportent cha- 
cune un epaulement 41, 42, ces deux epaulements 
etant respectivement realises sur les deux extremites 

45 opposees 25, 26 de facon que, lorsque la lame 20 est 
dans sa seconde position, figures 1 et 2A, lis soient sen- 
siblement contenus, dans des plans 33, 34 paralleles 
aux plans 23, 24 des deux faces de base opposees 3, 
4 de l'entretoise et respectivement enfonces dans les 

50 deux corps vertebraux 10, 11 . 

[0023] De cette fagon, quand la lame 20 est dans sa 
seconde position, ses deux extremites 25, 26 avec leur 
epaulement respectif 41, 42 implantees dans I'os des 
corps vertebraux 10,11 assurent simultanement deux 

55 fonctions, a savoir : empecher le glissement de la cage 
suivant I'axe 31 et s'opposer a I'ecartement des deux 
corps vertebraux 10, 11 perpendiculairement a ce me- 
me axe 31 . La lame 20 joue done une fonction d'agrafe 
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que les cages de I'art anteheur n'avaient pas. 
[0024] La lame peut etre sensiblement plate, comme 
illustre sur les figures, ou courbee ou equivalent, mais 
presentant dans son ensemble une forme generale de- 
fin ie un plan, comme Ie plan 35, sensiblement perpen- 
diculaire a I'axe 31 . 

[0025] Dans les deux modes de realisation illustres, 
les deux epaulements sont disposes d'un meme cote 
du plan general 35 de la lame 20, la section transversale 
de la lame dans son ensemble se presentant alors sous 
la forme d'un U ou equivalent. 
[0026] II est cependant precise que les deux epaule- 
ments peuvent etre disposes de part et d'autre du plan 
general 35 de la lame 20, la section transversale de la 
lame 20 dans son ensemble se presentant alors sous 
la forme d'un Z ou equivalent. 
[0027] II est aussi possible que la lame comporte qua- 
tre epaulements, deux respectivement de part et d'autre 
du plan general 35 de la lame 20, la section transversale 
de la lame 20 dans son ensemble se presentant alors 
sous la forme d'un I ou equivalent. 
[0028] Ces epaulements 41 , 42 peuvent etre realises 
de differentes fagons. Les deux modes de realisation 
representes sur les figures illustrent deux de ces fagons. 
[0029] La figure 1 represente un mode de realisation 
de ces deux epaulements dans Ie cas d'une lame en 
fomne de U, dans lequel la lame est formee d'une seule 
piece obtenue par phage ou moulage ou formage de fa- 
gon que les deux extremites 25, 26 soit courbees et en 
deport d'un meme cote par rapport au plan 35 de la la- 
me. 

[0030] Les figures 2A a 2C representent un autre un 
mode de realisation de ces deux epaulements, toujours 
dans Ie cas d'une lame en forme de U. Dans ce cas, la 
lame est obtenue a partir, par exemple, d'un secteur de 
cylindre ou d'un segment de sphere, dans la base du- 
quel est usinee une rainure a section transversale defi- 
nie dans un plan contenant I'axe 31 et avantageusement 
sensiblement rectangulaire, de fagon que les deux 
bords opposes de cette rainure fonnent les deux epau- 
lements 41, 42. 

[0031] L'ensemble des figures represente la lame 20 
dans sa seconde position comme decrit auparavant. 
[0032] Cependant, quand elle est dans sa premiere 
position, les epaulements 41 , 42 peuvent se placer de 
part et d'autre de I'entretoise 1 et venir, par exemple, se 
plaquer centre sa parol laterale 5 qui presentera alors 
avantageusement, ace niveau, une forme complemen- 
taire de celle des faces courbes des extremites 25, 26 
de la lame, ces extremites pouvant aussi se positlonner 
dans des logements en creux realises dans cette parol 
laterale 5. 

[0033] II est en outre precise que la cage selon I'ln- 
vention peut comporter d'autres caracteristiques en 
plus de celles definies ci-dessus. Ces autres caracteris- 
tiques n'ont pas ete decrites ici car el les n'entrent pas 
dans Ie champ de la presente invention. 



Revendications 

1. Cage intervertebrale pour Ie traitement du rachis 
degeneratif, comprenant: 

5 

une entretoise (1) sensiblement en forme de 
disque comportant deux faces de base oppo- 
sees (3, 4) sensiblement planes et paralleles et 
une parol laterale (5) reliant les deux faces de 

10 base, cette parol laterale comportant deux par- 

ties opposees (6, 7), ladite entretoise 6tant apte 
a etre disposee entre les faces en regard (8, 9) 
des deux corps vertebraux (10,11) respective- 
ment de deux vertebres consecutives en rem- 

15 placement du disque endommage entre ces 

deux vertebres, les deux faces de base de I'en- 
tretoise etant aptes a etre placees au contact 
au moins partlel des deux corps vertebraux, 

20 - au moins une lame (20), ladite lame com- 

portant deux extremites opposees (25, 26) 
conformees en biseau, et 
des moyens (21 ) pour deplacer ladite lame 
par rapport a une premiere (6) des deux 
25 parties de paroi laterale de fagon que la la- 

me soit apte a prendre deux positions : 

* une premiere position dans laquelle la 
lame est entierement situee dans I'es- 

30 pace (22) compris entre les deux pre- 

mier et second plans (23, 24) conte- 
nant les deux faces de base (3, 4) de 
I'entretoise (1), et 

* une seconde position dans laquelle les 
35 deux extremites opposees (25, 26) de 

ladite lame emergent de part et d'autre 
dudit espace (22), 

caracterisee par Ie fait que les deux extremites 

40 opposees (25, 26) de ladite lame emergeant de part 
et d'autre dudit espace (22) lorsque la lame est dans 
sa seconde position, comportent chacune un epau- 
lement, ces deux epaulements (41 , 42) etant res- 
pectivement realises sur les deux extremites oppo- 
45 sees (25; 26) de fagon qu'ils soient sensiblement 
contenus dans des plans paralleles aux plans des 
deux faces de base opposees (3, 4) de I'entretoise 
et respectivement enfonces dans les deux corps 
vertebraux quand ladite lame (20) est dans sa se- 
50 conde position. 

2. Cage intervertebrale selon la revendication 1, ca- 
racterisee par Ie fait que ladite lame (20) dans son 
ensemble se presente sous la forme d'un U. 

55 

3. Cage intervertebrale selon la revendication 1, ca- 
racterisee par Ie fait que la lame (20) dans son 
ensemble se presente sous la forme d'un Z. 
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4. Cage intervertebrale selon la revendication 1, ca- 
racterisee par le fait que la lame (20) dans son 
ensemble se presente sous la forme d'un I. 

5. Cage intervertebrale selon I'une des revendlcations 5 
1 a 4, caracterlsee par le fait que ladite lame (20) 
avec lesdits epaulements (41 , 42) est realisee d'une 
seule piece par Tun des moyens suivants : pliage, 
moulage, formage, defacon que les deux extremi- 

tes (25, 26) de la lame soit courbees et en deport io 
par rapport au plan (35) de ladite lame (20). 

6. Cage intervertebrale selon la revendication 2, ca- 
racterlsee par le fait que ladite lame (20) est ob- 
tenue a partir de I'un des elements suivants : un is 
secteur de cylindre, un segment de sphere, dans la 
base duquel est usinee une rainure a section trans- 
versale sensiblement rectangulaire, de fagon que 

les deux bords opposes de cette dite rainure fer- 
ment les deux dits epaulements (41 , 42). 20 

7. Cage intervertebrale selon I'une des revendications 
1 a 6, caracterlsee par le fait que les epaulements 
(41 , 42), quand ladite lame (20) est dans sa premie- 
re position, se placent de part et d'autre de I'entre- 25 
tolse (1) en venantse plaquer centre sa paroi late- 
rale (5). 

8. Cage intervertebrale selon I'une des revendications 

1 a 7, caracterlsee par le fait que lesdites extre- 30 

mites opposees (25. 26). quand ladite lame (20) est 
dans sa premiere position, se positionnent dans 
des logements en creux realises dans ladite paroi 
lat§rale (5). 



5 



EP 1 374 809 A1 




6 



EP 1 374 809 A1 



Office europ^n 
ctos br^vvts 



RAPPORT DE RECHERCHE EUROPEENNE 



Num6ro de la demande 

EP 03 29 1438 



DOCUMENTS CONSIDERES COMME PERTINENTS 



Citron du documdnt avec indcadion, en cas de bdsoin, 
des parties pertinentes 



Revendioation 
oonTOrn^e 



CLASSEMENT DE LA 
DEMANDE (IntClT) 



D,A 



EP 1 104 665 A (RAZIAN HASSAN) 
6 juin 2601 (2001-06-06) 

* figures * 

WO 02 13732 A (BRAMLET DALE G) 
21 fevrier 2002 (2002-02-21) 

* figures 1-4 * 

* page 6, ligne 24 - ligne 29 * 

US 5 683 394 A (RINNER JAMES A) 
4 novembre 1997 (1997-11-04) 

* figures * 



1,7 



A61F2/44 



DOMAINES TECHNIQUES 
RECHEflCHES 0n1.a.7) 



A61F 



Le present rapport a ete etabli pour toutes tes revendicaticrs 



Ueu Ob )a recherche 

BERLIN 



Dale d'acriSvemeni de la recherche 

1 octobre 2003 



E>amaiateuf 

Stach, R 



CATEGORtE OES DOCUMENTS CITES 

X : partieurt^ment pftitneni k lui seul 
Y : particuii^rement peitnenf en eombinai&on av«c un 

autre document de la m^mec " 
A ; arri^re-piantechnologique 

O : d^ulgation norvderite 
P : document interealaire 



T : thtow ou p/incipe a (a base de finvention 
E : document de brevet ant^rieur, mais public k la 

deta da dapdtou aprte oatte data 
0 : oita dan» lademande 

L I tM pour d'autree raisons 

& : membre de la m6me famiile, document oorreapondant 



7 



EP 1 374 809 A1 



ANNEXE AU RAPPORT DE RECHERCHE EUROPEENNE 
REUTIF A LA OEMANDE OE BREVET EUROPEEN NO. 



EP 03 29 1438 



La presents annexe indique les membres de ia famille da brevets relatifs aux doQutnents brevets cHds dans le rapport de 
recherche europ^enne vise ct-dessue 

Lesdits members soni contenus au fichier intermatique d& lOffic© ©uropeen des brevets a la dai© du 

Les renseignements foumis sont donnas atitre indtcatif et n'engagent pas la responsabilitd de I'Otfice europ^en des brevets. 

61.10.2003 



Document brevet cit^ 
au rapport de recherctie 



Oatede 
pulsli&ation 



Meinbre(s}dsia 
familte da brevet(8) 



Date de 
pubtbation 



EP 110466S 



06.06.2001 



FR 

EP 



2784891 Al 
1104665 Al 



28-04-2000 
06-06-2001 



WO 0213732 


A 


21-02-2002 


US 


6447546 Bl 


10-09-2002 








AU 


7799301 A 


25-02.2002 








WO 


0213732 A2 


21.02.2002 


US 5683394 


A 


04-11-1997 


AUCUN 







Pour tout renseignement oonoemant cette annexe : voir Journal Officiat de I'Office europ^en des brevets, Nio.l2/82 



8 



esp@cenet — Bibliographic data 



Page 1 of 1 



Spinal disc prosthesis 

Publication number: EP1405615 (A1) 
Publication date: 2004-04-07 

Inventor(s): BIEDERMANN LUTZ [DE]; HARMS JUERGEN [DE] 

Applicant(s): BIEDERMANN MOTECH GMBH [DE] 

Classification: 

- international: A61B17/58; A61F2/28; A61F2/44; A61F2/00; A61F2/30; 

A61B17/58; A61F2/28; A61F2/44; A61F2/00; A61F2/30; 
CPC1-7): A61F2/44 

- European: A61F2/44D2 
Application number: EP20030017959 20030806 
Priority number(s): DE20021042329 20020912 



Also published as: 

ffl EP1405615 (B1) 
SUS20041 17021 (A1) 
^ KR20070065278 (A) 
KR20040024466 (A) 
"S JP2004097823 (A) 



i 
i 



more » 
Cited documents: 

US5314477 (A) 
US2003045939 (A1) 
DE4208116(A1) 
WO0035384(A1) 
DE2263842 (A1) 



more » 

Abstract of EP 1405615 (A1) 

Disc prosthesis comprises a core (3) arranged between a base plate (1) and a covering plate (2). One 
of the plates has a first concave contact surface (6) on the side facing the core and the core has a first 
convex contact surface. Grooves (11,1 1', 12, 12") are provided around one of the contact surfaces and 
contain elastic rings (13, 13") in contact with the opposite-lying contact surfaces. An Independent claim 
is also included for a spacer for the disc prosthesis. Preferred Features: A mandrel for delimiting the 
movement between the base and covering plates about their central axes is provided along one of the 
central axes extending from the base plate to the covering plate. The contact surfaces of the base or 
covering plates are convex and the contact surfaces of the core are concave. 



Data supplied from the esp@cenet database — Worldwide 



://v3.espacenet.com/publicationDetails/biblio?CC=EP&NR=1405615Al&KC=Al&F... 04/09/2009 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Veroffentlichungstag: 

07.04.2004 Patentblatt 2004/1 5 

(21) Anmeldenummer: 03017959.2 

(22) Anmeldetag: 06.08.2003 



(11) EP 1 405 615 A1 

EUROPAISCHE PATENTANMELDUNG 

(51) lntCl7: A61F2/44 



(84) Benannte Vertragsstaaten: 


(72) Erfinder: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Biedermann, Lutz 


HU IE IT LI LU MC NL FT RO SE Si SK TR 


78048 VS-Villingen (DE) 


Benannte Erstreckungsstaaten: 


• Harms, Jiirgen 


AL LT LV MK 


76227 Karlsruhe (DE) 


(30) Prioritat: 12.09.2002 DE 10242329 


(74) Vertreter: Hofer, Dorothea, Dipl.-Phys. et ai 




Prijfer & Partner GbR 


(71) Anmelder: BIEDERMANN MOTECH GmbH 


Patentanwalte 


78054 Villlngen-Schwennlngen (DE) 


Harthauser Strasse 25 d 




81545 Munchen (DE) 



< 

in 
o 



(54) Bandscheibenprothese 

(57) Es wird eine Bandscheibenprothese geschaf- 
fen, die in b6l<annter Weise eine Grundpiatte (1) und ei- 
ne dieser gegenuberliegende Declcplatte (2) und einen 
dazwischenliegenden Kern (3) aufweist. Wenigstens ei- 
ne der Piatten besitzt auf der denn Kern zugewandten 
Seite eine erste l<onl<ave Kontaktflache (6). Bei dem 



Kern ist wenigstens eine angrenzende erste l<onvexe 
Kontal<tflache vorgesehen. ZurVerbesserung von Fuh- 
rung und Elastizitat ist urn eine der Kontal^lachen her- 
unn eine Rille (11) vorgeselien, in derein mitdergegen- 
uberiiegenden Kontal<tflache in Kontakt befindlicher 
elastischer Ring (13) eingebettet ist. 
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Beschreibung 

[0001] Die Erfindung betrifft eine Bandscheibenpro- 
these nach dem Oberbegriff des Patentanspruches 1 
bzw. nach dem Oberbegriff des Patentanspruches 5. 
[0002] Aus der DE 42 08 116 C ist eine derartige 
Bandscheibenprothese bekannt. Aus der EP 0 471 821 
B istferner eine Bandscheibenprothese belcannt, die ei- 
nen Kern aufweist, der einseitig spharisch ausgebildet 
ist. 

[0003] Aufgabe der Erfindung ist es, eine Bandschei- 
benprothese der eingangs beschriebenen Art zu schaf- 
fen, die gegenuber dem Stand der Technilc verbessert 

ist. 

[0004] Diese Aufgabe wird durch eine Bandscheiben- 
prothese nach Patentanspruch 1 bzw. nach Patentan- 

spruch 5 gelost. 

[0005] Bei der Bandscheibenprothese nach Patent- 
anspruch 1 ist dabei insbesondere eine Dampfung im 
Endbereich der Kippbewegung vorgesehen. Bei der 
Bandscheibenprothese nach Patentanspruch 5 ist ins- 
besondere eine Vertil<aldampfung verbessert, sowie ei- 
ne axiale Rotation begrenzt. 

[0006] Weiterbildungen der Erfindung sind in den Un- 
teranspruchen gekennzeichnet. 
[0007] Weitere l\yierl<male und ZweclcmaBigl<eiten der 
Erfindung ergeben sich aus der Beschreibung von Aus- 
fuhrungsbeispielen anhand der Figuren. Von den Figu- 
ren zeigen: 

Fig. 1 eine perspe[<tivische Seitenansicht einer 
ersten Ausfiihrungsform; 

Fig. 2 einen Schnitt durch die In Fig. 1 gezelgte 
Ausfiihrungsform; 

Fig. 3 eine perspel<tivische Seitenansicht einer 
zweiten Ausfiihrungsform; 

Fig. 4 einen Schnitt durch die In Fig. 3 gezeigten 

Ausfiihrungsform; 

Fig. 5 einen Schnitt durch eine dritte Ausfiih- 
rungsform; 

Fig. 6 einen Schnitt durch eine vierte Ausfiih- 
rungsfomi; 

Fig. 7 eine perspektivische Ansicht der in Fig. 6 
gezeigten Ausfiihrungsform; und 

Fig. 8-10 Draufsichten eines Details. 

[0008] Wie aus den Figuren ersichtlich ist, weist jede 
Ausfuhrungsform der Bandscheibenprothese eine 
Grundplatte 1, eine dieser gegeniiberliegende Deck- 
platte 2 und einen dazwischenliegenden Kern 3 auf. 
[0009] Bei dem in den Figuren 1 und 2 gezeigten er- 



sten Ausfiihrungsbeispiel weist die Grundplatte 1 auf 
der dem Kern abgewandten AuBenseite eineebene Au- 
Benflache 4 auf. An ihrem auBeren Rand weist die 
Grundplatte nach au3en sich zu der AuBenflache verti- 

5 kal erstreckende Zacken 5 auf, die zum Eingreifen in 
eine benachbarte Wandung eines Wirbelkorpers die- 
nen. Auf der der AufSenflache 4 gegenuberiiegenden In- 
nenseite weist die Grundplatte eine konkave Ausneh- 
mung 6 auf, die vorzugsweise als spharisches Segment 

10 ausgebildet ist. Angrenzend an die konkave Ausneh- 
mung und um diese herumlaufend erstreckt sich eine 
zu der AuBenflache 4 parallele Randzone 7. 
[001 0] Wie aus Fig. 2 ersichtlich ist, ist die Deckplatte 
2 identisch zur Grundplatte 1 ausgebildet und lediglich 

15 spiegelsymmetrlsch angeordnet, so daf3 die konkave 
Ausnehmung 6' der Deckplatte 2 der konkaven Ausneh- 
mung 6 der Grundplatte 1 zugewandt ist. 
[001 1] Zwischen Grundplatte 1 und Deckplatte 2 liegt 
der Kern 3. Dieser weist einen zur Symmetrieachse 8 

20 symmetrisch angeordneten Zentralteil 9 auf, der die 
Form einer bikonvexen Linse aufweist und dessen je- 
weils konvexe AuBenflachen die gleiche KrQmmung 
und insbesondere spharische Kriimmung aufweisen 
wie die damit zusammenwirkenden konkaven Ausneh- 

25 mungen 6 bzw. 6' der Grundplatte und Deckplatte. 
[001 2] Wie aus Fig. 2 welter ersichtlich ist, weist auch 
der Kern 3 eine Randzone 10 auf, deren AuBendurch- 
messer gleich dem Durchmesservon Grund- und Deck- 
platte ist. Die Randzone ist vorzugsweise so ausgebil- 

30 det, daB die beiden der Grundplatte und der Deckplatte 
zugewandten Flachen zueinander und zu der Symme- 
trieebene des Kerns parallel ausgebildet sind. 
[0013] Wie welter aus Fig. 2 ersichtlich ist, weist die 
Randzone 10 auf der der Grundplatte 1 zugewandten 

35 Unterseite benachbart zu dem Zentralteil 9 eine ringfor- 
mlge Ausnehmung 11 auf. 

Diese weist in dem gezeigten Ausfiihrungsbeispiel ei- 
nen kreissegmentformigen Querschnitt auf. Die dem 
gegenuberliegende Flache der Randzone 7 der Grund- 

40 platte weist eine den gleichen Durchmesser aufweisen- 
de ringformige Ausnehmung 12 auf, die ebenfalls einen 
kreissegmentformigen Querschnitt besitzt. 
[0014] Wie aus Fig. 2 ersichtlich ist, ist die der Deck- 
platte 2 zugewandte Oberflache der Randzone 1 0 sym- 

45 metrisch zu der der Grundplatte zugewandten Seite 
ausgebildet und weist eine entsprechende ringformige 
Ausnehmung 11' auf. Die dem Kem zugewandte Seite 
der Deckplatte 2 weist wie die Grundplatte 1 ebenfalls 
eine der ringformigen Ausnehmung 11' gegeniiberlie- 

50 gende ringfonnige Ausnehmung 1 2' auf, die in ihren Ab- 
messungen der ringformigen Ausnehmung 11' ent- 
spricht. 

[0015] Wie aus Fig. 2 ferner ersichtlich ist, sind in den 
jeweiligen Paaren 11, 12 bzw. 11', 12' der ringformigen 
55 Ausnehmungen Ringe 13 bzw. 13' angeordnet. 

[0016] Die Grundplatte 1 und die Deckplatte 2 sind 
aus einem blokompatlblen Material, insbesondere Stahl 
Oder Titan hergestellt. Der Kern 3 ist nach einer ersten 
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Ausfuhrungsform aus einem korpervertraglichen hoch- 
mulekularen Polyethylenkunststoff geformt. Die beiden 
Ringe sind aus einem korpervertraglichen elastischen 
Kunststoff, beisptelsweise Medical Grade Silikongummi 
gebildet. 

[0017] Bei der Anwendung wird die so ausgebtldete 
Bandscheibenprothese nach Entfernen der geschadig- 
ten Bandscheibe zwischen zwei Wirbelkorper einge- 
setzt und greift mit den Zacken 5, 5' in die benachbarten 
Wirbelkorperwandungen ein, so daB die Flatten selbst 
drehfest gelialten werden. Die Ringe 13, 13' bewirken 
eine Abfederung der Bandscheibenprothese gegen zu 
starkes Verkippen und bremsen gleichzeitig ein zu star- 
kes Verdrehen unn die IVIittenachse 8. 
[0018] Der AuBendurchmesser von Grund- und 
Deckplatte ist so gewahit, daB er wenig klelner ist als 
der kleinste Durchmesser der benachbarten Wirbelkor- 
perendplattenflache. 

[0019] Auch die in den Figuren 3, 4 und 5 gezeigten 

Ausfuhrungsbeispiele sind jeweils um die sich senk- 
recht zur Symmetrieachse 8 erstreckende Mittenebene 
spiegelsymmetrisch ausgebildet. 
[0020] Die in der Figuren 3 und 4 gezeigte zweite Aus- 
fuhrungsform weist wiederum eine Grundplatte 21 , eine 
Deckplatte 22 und dazwischen einen Kern 23 auf. 
[0021] Die Grundplatte 21 weist wiederum nach au- 
Ben hervorstehende Zacken 25 auf. Die AuBenflache 
24 ist, wie am besten aus Fig. 4 ersichtlich ist, als kon- 
vexe kugelsegmentformige Oberflache ausgebildet, 
wobei die Kriimmung der Oberflache so gewahit ist, daB 
sie im wesentlichen einer typischen konkaven Kriim- 
mung einer damtt in Kontakt zu bringenden Wirbelkor- 
perendplattenflache entspricht. Symmetrisch zur Sym- 
metrieachse 8 weist die dem Kern zugewandte Oberfla- 
che eine der konkaven Ausnehmung 6 entsprechende 
konkave Ausnehmung 26 auf. Es ist eine erste Randzo- 
ne 27 vorgesehen, die anders als beim ersten Ausfuh- 
rungsbeispiel aber nicht eben, sondern zur AuBenseite 
der Grundplatte h in kegelstumpfformlg abfallend ausge- 
bildet ist. 

[0022] Wie aus Fig. 4 ersichtlich ist, ist die Deckplatte 
22 identisch zur Grundplatte ausgebildet und zu einer 
sich senkrecht zur Symmetrieachse 8 erstreckenden 
Mittenebene spiegelsymmetrisch angeordnet. 
[0023] Der Kern 23 ist dreiteilig ausgebildet und be- 
steht aus zwei mit ihren Planflachen einander zuge- 
wandten plan-konvexen Linsenkorpern 28, zwischen 
denen eine pian-paralieie Platte 29 angeordnet ist. Die 
Linsenkorper 28, 28^ und die Platte 29 haben im we- 
sentlichen den gleichen Durchmesser. Die Kriimmung 
der konvexen Flachen der Linsenkorper entspricht der 
Kriimmung der damit zusammenwirkenden konkaven 
Ausnehmungen 26, 26'. 

[0024] Wie am besten aus Fig. 4 ersichtlich ist, weist 
der Kern 23 eine sich senkrecht zu seiner Symmetrie- 
ebene erstreckende und durch seinen Mittelpunkt ge- 
hende Bohrung 30 auf. An den entsprechenden Stellen 
weisen Grundplatte und Deckplatte sich entlang threr 



Symmetrieachsen erstreckende durchgehende Aus- 
nehmungen 31,31' auf. Auf den jeweiligen den AuBen- 
flachen 24, 24' zugewandten Seiten sind diese durch 
Senkbohrungen 32, 32' in ihrem Durchmesser erweitert. 

5 In der Bohrung 30 ist eine vorzugsweise aus einem kor- 
pervertraglichen Kunststoff Oder aus Metall gefertigte 
Verbindungshiilse 33 vorgesehen, deren Durchmesser 
klelner Ist als der Durchmesser der Bohrung 30 und de- 
ren Lange groBer als die Lange der Bohrung 30 ist, so 

10 daB die Verbindungshiilse mit dem jeweiligen freien En- 
de in die Ausnehmung der benachbarten Platte ein- 
greift. Wie aus Fig. 4 ersichtlich ist, ist die Htilse zu ihren 
Enden hin jeweils verjungt ausgebildet. Von beiden Sei- 
ten ist jeweils durch die Ausnehmungen 31 gefiihrt eine 

15 Schraube 34, 34' in die Verbindungshiilse 33 einge- 
schraubt, wobei der Kopf der Schraube stets in der 
Senkbohrung anliegt. Die Senkbohrung ist ein wenig 
groBer als der jeweilige Kopf. Die Schrauben werden so 
welt angezogen, daB Grund- und Deckplatte und Kern 

20 so miteinander verbunden sind, daB die aneinander- 
grenzenden Flachen ohne Spiel, aber zueinander be- 
weglich gehalten sind. 

[0025] Wie aus Fig, 4 ersichtlich ist, ist die Tiefe der 
Senkbohrungen 32, 32' etwas groBer als die Dicke der 

25 Kopfe der Schrauben 34, 34'. Die Senkbohrungen sind 
an ihrem auBeren Ende jeweils durch Abdeckplatten 35 
nach auBen hin abgedeckt. Der Unterschied zwischen 
der Tiefe der Senkbohrungen 32, 32' und der Dicke der 
Kopfe der Schrauben 34, 34' ist so gewahit, daB die 

30 Kopfe beim federnden Zusammendrucken der Band- 
scheibenprothese gerade noch nicht an die Abdeckplat- 
ten 35 stoBen. 

[0026] Die Grund- und Deckplatten sind vorzugswei- 
se aus dem gleichen Material ausgebildet wie bei der 

35 ersten Ausfiihrungsform. Die Linsenkorper 28, 28' ha- 
ben vorzugswiese die gleiche Materialausblldung wie 
die Grund- und Deckplatte. Die Platte 29 ist aus einem 
korpervertraglichen elastischen Kunststoff, vorzugswei- 
se einem Medical Grade Silikongummi gebildet. Auf die- 

40 se Weise libernehmen die Linsenkorper zusammen mit 
den Grund- und Deckplatten die Kippbewegung, wah- 
rend die Platte 29 fur die Elastlzitat und damit die Abfe- 
derung sorgt. 

[0027] Die in Fig. 5 gezeigte Ausfuhrungsform unter- 
45 scheidet sich von der in Fig. 3 und 4 gezeigten Ausfiih- 
rungsform nur durch die Ausbildung des Kernes. Alle 
iibrigen Teile stimmen mit der zuvor beschriebenen 

Ausfiihrungsform iiberein. 

[0028] Der Kern 43 weist wiederum zwei auBere plan- 
50 konvexe Linsenkorper 48, 48' auf, die mit ihren konve- 
xen Flachen in gleicher Weise wie vorher beschrieben 
mit den Grund- und Deckplatten zusammenwirken. 
Auch die zentrale Bohrung und die Befestigung mittels 
der Verbindungshiilse und den Schrauben stimmt iden- 
55 tisch uberein. Anders als bei dem vorherigen Ausfiih- 
rungsbeispiel ist anstelle der plan-parallelen Platte 29 
ein elastischer Ring 49 vorgesehen. Zur Aufnahme und 
Fuhrung des Ringes 49 weisen die einanderzugewand- 
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ten planen Flachen der Linsenkorper 48, 48' im Quer- 
schnitt kreisseigmentformige ringformige Ausnehmun- 
gen 50, 50' auf, in denen der Ring 49 gehalten ist. 
[0029] Die IVlaterialien und die Funktionsweise und 
das Einbauen entsprechen denn vorher beschriebenen 
Ausfuhrungsbeispiel. Der Ring ubernimmt die Funktion 
der Platte. 

[0030] Bei der in Fig. 6 gezeigten werteren Ausfuh- 

rungsform stinnnnt die Deckplatte mit der in Fig. 4 be- 
scliriebenen Deckplatte uberein. In der Fig. 6 ist die Au- 
Benflache 54 eben dargestellt, sie kann aber auch wie 
in der in Fig. 4 gezeigten Ausfuhrungsform der Flache 
24' entsprechend konvex ausgebildet sein. 
[0031] Anders ausgebildet dagegen ist die Grundplat- 
te 51. Diese ist als Zylinderelement ausgebildet, wel- 
ches auf seiner der Deckpaltte zugewandten Seite eine 
ebene Flache 57 mit einenn Durchnnesser, der gleich 
dem Durchnnesser der Deckplatte ist, aufwelst. Auf sei- 
ner der Deckplatte abgewandten Seite schlieBt sich ein 
zylindrischer Abschnitt 58 an, dessen Durchmesser ein 
wenig kleiner ist, so da3 der daruberliegende Abschnitt 
mit groBerem Durchmesser einen Anschlag bildet. Der 
Abschnitt 58 dient zum Aufnehmen eines Zylinderman- 
tels 59, der am besten in der perspektivischen Darstel- 
lung in Fig, 7 ersichtlich ist. Der Zylindermantel wird im 
PaBsitz auf den Abschnitt 58 aufgesetzt und weist an 
seinem f reien Ende mit dem benachbarten Wirbelkorper 
in Eingriff bringbare Zacken55 auf. Ferner weist der Zy- 
lindermantel Ausnehmungen 60 auf, die die Einwachs- 
moglichkeit wesentlich verbessern. 
[0032] Der Kern 53 weist auf seiner der Deckplatt 52 
zugewandten Seite einen plan-konvexen Linsenkorper 
61 auf, der dem Linsenkorper 28' in Form und Material 
entspricht. Auf der diesem Linsenkorper abgewandten 
Seite ist zwischen seiner planen Oberflache und der 
ebenen Oberflache 57 der Grundplatte 51 eine plan- 
paraltete Platte 62 vorgesehen. Die in Fig. 6 lediglich 
schematisch dargestellte Verbindung zwischen Grund- 
platte 51 und Deckplatte 52 mit dem Kern 53 dazwi- 
schen ist in der gleichen Weise wie bei den beiden vor- 
hergehend beschriebenen Ausfuhrungsformen ausge- 
bildet. Bei dieser Ausfuhrungsform erfolgt die Bewe- 
gung iiber das Gleitpaar Linsenkorper 61 und Deckplat- 
te 52. Die Dampfung wird von der Platte 62 ubernom- 
men. 

[0033] In Fig. 8 ist eine Draufsichtauf eine Deckplatte 
der in den Fig. 3 bis 7 beschriebenen Ausfuhrungsfor- 
men gezeigt, wobei die Abdeckplatte 35' und der Kopf 
der Schraube 34' weggelassen sind. 
[0034] Aus Fig. 8 istzu ersehen, daBdiejeweiligeHul- 
se 33 an ihren jeweils verjungt abgeschragten Enden 
sechskantig ausgebildet ist, wobei die Flachen zwi- 
schen den sechs Ecken jeweils hohlkehlenartig ausge- 
bildet sind. Die diesen sechskantigen Abschnitt aufneh- 
mende jeweilige Ausnehmung 31' ist ebenfalls sechs- 
kantig ausgebildet, wobei der jeweilige Durchmesser 
durch zwei gegenuberliegende Ecken jeweils urn ein 
vorbestimmtes MaB wenig groBer als der entsprechen- 



de Durchmesser der Verbindungshulse an dieser Stelle 
ist. Die Flachen zwischen jeweils zwei Ecken sind zur 
Mitte der Ausnehmung hin bauchig ausgebildet, wobei 
der Radius der bauchigen Krummung jeweils um ein 
5 vorbestimmtes MaB wenig groBer als der Radius der 
Hohlkehlen ist. 

[0035] Wie in Fig. 9 und Fig. 1 0 gezeigt ist, kann somit 
eine Drehung um ein durch die GroBenunterschiede 
vorbestimmtes MaB zwischen Hulse und Deckplatte 
10 bzw. Hulse und Grundplatte erfolgen. Damit wird eine 
Begrenzung der Drehung auf einen vorbestimmtenWin- 
kel erreicht. 

[0036] Bei alien gezeigten Ausfuhrungsformen kon- 
nen die AuBenflachen von Grund- und Deckflache rauh 
15 ausgebildet sein, um eine Verbesserung des Einwach- 
sens zu errelchen. 

[0037] Bei alien oben beschriebenen Ausfuhrungs- 
beispielen konnen die aneinandergrenzenden und eine 
Relativbewegung zueinander ausfuhrenden Flachen 

20 mit entsprechendem Material als Gleitpaarung be- 
schichtet sein. Dafiir kommen insbesondere Keramik- 
schichten oder auch Polyethylenbeschichtungen oder 
auch entsprechende Metallegierungen in Frage. 
[0038] Bei den oben beschriebenen Ausfuhrungsfor- 

25 men sind jeweils aneinandergrenzende und zusam- 
menwirkende konkave und konvexe spharische Fla- 
chen beschrieben. Dabei hat jeweils der Kern die kon- 
vexen Flachen und die Deckplatte und die Grundplatte 
haben zugehorige konkave spharische Flachen. Nach 

30 einer abgewandelten Ausfuhrungsform konnen die Fla- 
chenformen jeweils umgekehrtsein. DasheiBt, der Kern 
kann als bikonkaver Linsenkorper oder als plan-konka- 
ver Linsenkorper ausgebildet sein und die zugehorige 
Kontaktflache von Grundplatte und Deckplatte ist dann 

35 entsprechend zu der konkaven spharischen Flache 
spharisch konvex ausgebildet. 



Patentanspriiche 

40 

1. Bandscheibenprothese mit einer Grundplatte (1, 
21,51) und einer dieser gegeniiberliegenden Deck- 
platte (2, 22, 52) und einem dazwischenliegenden 
Kern (3, 23, 53), wobei wenigstens eine der Flatten 

45 auf der dem Kern zugewandten Seite eine erste 
konkave Kontaktflache (6, 26) und der Kern wenig- 
stens eine angrenzende erste konvexe Kontaktfla- 
che aufweisen, dadurch gekennzeichnet, daB um 
eine der Kontaktflachen herum eine Rille (11, 11', 

50 12, 12', 50, 50') vorgesehen Ist, in der ein mit der 
gegenuberliegenden Kontaktflache in Kontakt be- 
findlicher elastischer erster Ring (13, 13', 49) ein- 
gebettet ist. 

55 2. Bandscheibenprothese nach Anspruch 1 , dadurch 
gekennzeichnet, daf) auch um die gegenuberlie- 
gende Kontaktflache herum eine Rille vorgesehen 
ist, in die der erste Ring eingreift. 
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3. Bandscheibenprothese nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daB auch urn eine der 

zweiten Kontaktflachen herum eine Rille vorgese- 
hen ist, in deretn mitdergegenuberliegenden Kon- 
taktflache in Kontakt befindlicher elastischer zwei- 5 
ter Ring eingebettet ist. 

4. Bandscheibenprothese nach Anspruch 3, dadurch 
gekennzeichnet, daf) auch urn die mit dem zweiten 
Ring in Kontal<t befindliche gegenuberliegende io 
Kontaktflache herum eine entsprechende Rille vor- 
gesehen ist. 

5. Bandscheibenprothese nnit einer Grundplatte (1, 

21. 51), einem mit dieser in Kontakt beflndllchen 15 
Kern, der auf seiner der Grundplatte abgewandten 
Seite eine konvexe Oberflache aufweist, und einer 
anschlief3enden Deckplatte, die auf der dem Kern 
zugewandten Seite einen konkav ausgebildeten 
Abschnitt aufweist, dadurch gekennzeichnet, da3 20 
der Kern (23, 53) eine der Grundplatte (21 , 51) zu- 
gewandte elastische Schicht (29, 49, 62) und eine 
den konvexen Teil umfassende Gleitflache umfaBt. 

6. Bandscheibenprothese nach Anspruch 5, dadurch 25 
gekennzeichnet, daB auch die Grundplatte einen 
konkaven Abschnitt aufweist und der Kern angren- 
zend an die elastisclie Schicht eine mit dem konka- 
ven Abschnitt in Einghff befindliche konvexe Gleit- 
schicht umfaBt. 30 

7. Bandscheibenprothese nach Anspruch 6, dadurch 
gekennzeichnet, daB der Kern bikonvex ausgebil- 
det ist und in seiner Mitte eine elastische Zwischen- 
schicht besitzt. 35 

8. Bandscheibenprothese nach einem der Anspruche 
5 bis 7, dadurch gekennzeichnet, dal3 entlang ei- 
ner sich von der Grundplatte zur Deckplatte erstrek- 
kenden Mittenachse ein Dorn zum Begrenzen der 40 
Relativbewegung zwischen Grund- und Deckplatte 

um die Mittenachse herum vorgesehen Ist. 

9. Platzhalter nach einem der Anspruche 1 bis 8, da- 
durch gekennzeichnet, daR jeweils die Kontakt- 45 
flachen der Grund- bzw. Deckplatte konvex und die 
Kontaktflachen des Kerns konkav ausgebildetsind. 
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